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STATE WATER RESOURCES CONTROL BOARD 
RESOLUTION NO. 78-43 

WHEREAS : 

ADOPTION OF WATER QUALITY CONTROL PLAN FOR THE 
SACRAMENTO-SAN JOAQUIN DELTA AND SUISUN MA,RSH 

A responsibility of the State Water Resources Control Board is 
the regulation of activities and factors which affect or may 
affect the quality of the waters of the Stzte in order to 
attain the highest water quality which is reasonable, con- 
sidering all demands being made and to be made on those 
waters, and the beneficial uses involved. 

The State Board has undertaken a proceeding, under its full 
water right and water quality authority, to develop a single 
comprehensive set of water quality standards to protect bene- 
ficial uses of the waters of the Sacramento-San Joaquin Delta. 

The State Board has conducted 32 days of evidentiary hearing 
initiated on November 15, 1976 and concluded on October 7, 
1977 in accordance with the Federal Clean Water Act 
(P.L. 95-217) and the California Water Code, and has con- 
sidered the evidence introduced at the hearing. 

Based on the evidentiary record, a draft water quality control 
plan for the Sacramento-San Joaquin Delta and Suisun Marsh 
and a Draft Environmental Impact Report were formulated and 
submitted for public review on March 15, 1978. 

The State Board conducted a public hearing on the draft water 
quality control plan and Draft Environmental Impact Report on 
May 30, 1978, after notice to all interested persons, in 
accordance with federal and State requirements and has con- 
sidered the oral and written comments submitted. 

The Water Quality Control Plan and Environmental Impact Report 
have been revised to incorporate appropriate comments 
received from the interested persons. 

The water quality standards in the Water Quality Control piany 
for the Sacramento-San Joaquin Delta and Suisun Marsh will: be 
reviewed at least once every three years. 

The State Board will reopen the Delta water right hearing not 
later than eight years from the adoption of this plan for the 
purpose of receiving further evidence relating to salinity 
control, protection of fish and wildlife in the Bay-Delta 
estuary, and coordination of terms and conditions of the 
permits for the Delta water supplies of the federal Central 
Valley Project and the State Water Project. 



9. The Water Quality Control Plan for the Sacrhento-San Joaquin 
Delta and Suisun Marsh does not mandate the construction of 
facilities or mandate activities outside of the State Board's 
jurisdiction. 

10. By approval of the Water Quality Control Plan the Board does 
not intend to affect negotiations among various D.elta water 
agencies and the Department of Water Resources and U.S. Bureau 
of Reclamation regarding agreements on water quality and water 
quantity in the Delta. 

11. The Water Quality Control Plan fs an adjunct to the Basin 
Plans; it includes all necessary elements of water quality 
control plans in accordance with Section 13241 and 13242 of 
the California Water Code and federal requirements. 

12. The State Board has certified the Environmental Impact Report 
on the Water Quality Control Plan (and corresponding Water 
Right Decision) . 

THEREFORE BE IT RESOLVED: 

I. That the State Board adopts the Water Quality Control Plan 
for the Sacramento-San Joaquin Delta and Suisun Marsh (Delta 
Plan) in accordance with Section 13170 of the Water Code. 

2. That the Delta Plan supersedes the Basin Plans to the extent 
of any conflict ~ 5 t h  specific water quality standards (salinity) 
and will be in effect until the end of calendar year 1988 unless 
modified earlier. 

3. That adoption of the water quality standards (salinity) in the 
Delta Plan should not be construed as representing final action 
by the State Board on water quality standards for the Delta 
and Suisun Marsh and that water quality standards may be modi- 
fied if necessary to protect beneficial uses of Delta water 
supplies. 

4. That the Executive Director is directed to forward copies of 
the Water Quality Control Plan to the Environmental Protection 
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Agency in accordance with requirements of the Federal Clean • 

Water Act (as amended by P.L. 95-217). R 
4 

- - 

CERTIFICATION 

The State Water Resources Control Board has determined that there 
is no state mandate for a new program or increased level of 
service on any unit of local government as a result of the fore- 
going resolution because such resolution is not an executive regu- 
lation pursuant to the Revenue and Taxation Code, Section 2209. 



The undersigned, Executive Director of the  S t a t e  Water Resources 
Control Board,does hereby c e r t i f y  t ha t  the  foregoing i s  a f u l l ,  
t r ue ,  and correct  copy of a resolut ion duly and regu la r ly  adopted 
a t  a meeting of t he  S t a t e  Water Resources Control Board held on 
August 16, 1978. 

~ a r &  F. Walker 
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CHAPTER I 

INTRODUCTION 

The Sacramento-San Joaquin Delta.and Suisun Marsh include about 

120 square miles of surface water area where northern and central  

California 's  major r iver  systems converge and flow westward, 

meeting the incoming seawater from San Francisco Bay and the 

Pacific Ocean. The Delta area i s  the largest ,  most important 

estuary for f i sh  and waterfowl production on the Pacific Coast 

of the United States ,  and, a t  the same time, one of the s t a t e ' s  

most f e r t i l e  and important agricultural  regions and the location 

of a major water-related industr ia l  corridor in  the vicini ty  of 

Antioch. 

The Delta i s  a v i t a l  l ink between the water surplus areas i n  the 

Sacramento Valley and the water deficient  areas to the south and 

west of the Delta. Two major systems - one s t a t e  and one federal - 
export surplus supplies from the Delta to areas of need. These 

systems are the State Water Project (SWP) operated by the Depart- 

- ment of Water Resources (Department) and the Central Valley 

.. Project (CVP) operated by the U .  S .  Bureau of Reclamation (Bureau). 

- 
- - 

Com~etition for Delta water supplies between in-basin and export 

uses has increased substantial ly over the l a s t  few years and w i l l  

become yet more intense i n  the future.  This increased demand w i l l  

t e s t  the a b i l i t y  of s t a t e  and "federal water o f f i c i a l s  over the 

next few years t o  ensure an adequate Delta water supply t o  meet 

a l l  in-basin and export uses. 



The Delta has' been the subject of the most extensive and intensive 

water quality planning ever undertaken for any major area of the 

state. Notwithstanding this, much is unknown about this complex 

estuary. In addition there is uncertainty regarding what future 

water facilities may be constructed and affect the Delta and 

Suisun Marsh. A Delta transfer facility, overland facilities 

to western Delta islands and Suisun Marsh, internal water cir- 

culation facilities in the southern Delta, additional export 

pumps, the relocation of the Contra Costa Canal Intake, and the 

construction of additional storage facilities have all been proposed. 

In 1967 the water quality control and water right functions of ' 

the state were merged in order that necessary inter-relationships 

between water quality and availability of unappropriated water 

could be considered together by a single state agency. The 

current proceeding ,is the first time that water quality 

control and water right functions the Board have been fully 

combined in the development of a single set of water quality 

standards. 
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This water quality control plan for the Sacramento-San Joaquin Delta - 
2nd Suisun Marsh (Delta plan) represents the culmination of - - - 

thirty-two days of evidentiary hearing initiated on November '15, 

1976, and concluded on October 7, 1977. The evidentiary record 

also has been used in-formulating a water right decision to 

implement applicable provisions of the plan through revisions 

of terms and conditions in permits of the Department and Bureau. 



-. The appl icable  terms and condit ions which have been incorporated 

i n t o  p e m t s  of the  Department and Bureau a r e  s e t  f o r t h  i n  the  

plan. 

Even though two documents have been adopted by t h e  Board ( a  water 

q u a l i t y  cont ro l  plan and a w a t e r , r i g h t  dec is ion) ,  they represent  

a un i f i ed  e f f o r t  by t h e  Board t o  develop under i t s  f u l l  au thor i ty  

a s i n g l e  comprehensive s e t  of water q u a l i t y  s tandards t o  pro tec t  

b e n e f i c i a l  uses of Delta water supplies, recognizing the  respect ive 

r i g h t s  of a l l  u s e r s  t o  such suppl ies .  

Since the two d i s t i n c t  approvals c o n s t i t u t e  t h e  whole of a s ing le  

p ro jec t ,  a s ing le  environmental impact repor t  (EIR) has been 

prepared and approved by t h e  Board f o r  both of these  documents. 

A* GEOGRAPHIC DESCRIPTION 

The Sacramento-San Joaquin Delta a s  defined i n  Sect ion 12220 of 

the  Ca l i fo rn ia  Water Code i s  a roughly t r i a n g u l a r  a rea  of about 

738,000 ac res  extending from Chipps I s l and  near  P i t t sburg  on the  

west t o  Sacramento on the  nor th  and t o  the  Vernalis Gauging 

S t a t i o n  on the  south (see  P l a t e  1). The Delta genera l ly  i s  com- 

p r i sed  of those waterways above the  confluence of t h e  Sacramento .. - - 
and San Joaquin Rivers which a r e  influenced by t i d a l  ac t ion ,  and 

about 510,000 ac res  of a g r i c u l t u r a l  lands which derive t h e i r  water 

supply from these  waterways. The t o t a l  sur face  a rea  of these  

waterways i s  over 48,000 ac res  with an aggregate navigable length 

of 550 miles. 



Suisun Marsh a s  defined by Sect ion 29101 of the  Public Resources 

Code i s  an i n t r i c a t e  land-water a rea  of marsh, ponds, sloughs 

and e s t u a r i e s  which fu rn i sh  h a b i t a t  f o r  a  v a r i e t y  of p l a n t s  and 

animals. The Marsh inc ludes  the  waterways north of Suisun and 

Honker Bays which a r e  subjec t  t o  t i d a l  ac t ion  and the  adjacent  

lands whose management is  dependent on t i d a l  ac t ion  i n  those 

waters ( see  P l a t e  1 ) .  The a rea  contains  approximately 50,000 

a c r e s  of diked, managed wetlands, 5,500 zc res  of  t i d a l  marsh, and 

30,000 ac res  of bays, sloughs and o t h e r  w a t e m y s .  These wetlands 

a r e  a  unique and highly productive i n t e r f a c e  between f r e s h  and 

sa l twa te r  environments and p lay  an important r o l e  i n  providing 

wintering h a b i t a t  f o r  waterfowl of t h e  Pac i f i c  Flyway. 

B. BOARD AUTHORITY 

Water Quality Control 

The Board is charged with responsibility under the California 

Water Code to regulate activities which affect or may affect the 

quality of waters of the state in order to attain the highest 

water quality which is reasonable, considering all demands being 

made and to be made on those waters and the beneficial uses 
+ 

- - 
involved. Section 13170 of the Water Code provides that the 

11 Board may adopt water quality control plans for surface waters.- 

1/ Such plans must be adopted in accordance with the provisions - 
of Sections 13240 to 13247 of the Water Code. 



A water q u a l i t y  con t ro l  plan i s  a management document which 

i d e n t i f i e s  the  municipal, i n d u s t r i a l ,  a g r i c u l t u r a l ,  and instream 

environmental use of water wi th in  a . s p e c i f i e d  a rea  and s e t s  f o r t h  

an e f f e c t i v e  program t o  pro tec t  those uses .  Such plans,  when 

adopted, supersede any regional  water q u a l i t y  cont ro l  plan (basin 

plan) adopted by a Regional Board f o r  t h e  same waters t o  the  

extent  of any c o n f l i c t . .  

I n  addi t ion,  the  Federal  water Pol lu t ion  Control Act, a s  amended, 2l 
requi res  t h e  establishment of water q u a l i t y  standard 2' f o r  a l l  

sur face  waters of t h e  s t a t e .  Sect ion 303(e) of t h e  Act provides 

t h a t  each s t a t e  is responsible f o r  t h e  establishment of such 

water q u a l i t y  s tandards through water q u a l i t y  con t ro l  p lans  

which must be submitted and approved by t h e  Environmental Pro tec t ion  

Agency. 

Water Rights 

The water r i g h t  permits of the  Department and Bureau which a r e  

the  subjec t  of t h i s  proceeding a r e  s e t  f o r t h  i n  the  appendix t o  - 
t h i s  plan (Appendix A) . 

Referred t o  a s  t h e  Clean Water Act of 1977 (PL 95-217) 

2/ Under the  Cal i forn ia  Water Code, "water q u a l i t y  object ives"  
mean enforceable numerical l i m i t s  on water q u a l i t y  character-  
i s t i c s  which a r e  e s t ab l i shed  t o  p ro tec t  b e n e f i c i a l  uses. 
However, t h e  term "ob jec t ivesw i s  commonly understood t o  mean 
goals  o r  o the r  non-binding guides. For t h i s  reason, "water 
q u a l i t y  standardsqq i s  used herein t o  convey the  concept of 
enforceable numerical l i m i t s .  



The Board's au thor i ty  t o  review and amend these  permits i s  derived 
' 

from Sect ion 1394 of the  Ca l i fo rn ia  Water Code, j u r i s d i c t i o n  

expressly reserved i n  the  subjec t  permits, Water Code Sect ion 100 

and t h e  continuing a u t h o r i t y  of t h e  Board, a s  s t a t e d  i n  the  terms 

of t h e  permits, t o  prevent waste, unreasonable use, unreasonable 

method of use, o r  unreasonable method of d ivers ion  of water. 

I n  exerc is ing  i ts  reserved ju r i sd ic t ion ,  t h e  Board has two broad 

a r e a s  of concern based upon i t s  s t a t u t o r y  r e s p o n s i b i l i t i e s .  These 

a r e  (1) pro tec t ion  of vested water r igh t s ,  and ( 2 )  p ro tec t ion  of 

t h e  publ ic  i n t e r e s t .  

Protection of Vested Water Rights 

Prior vested water rights include those of riparian lands, pre-1914 

appropriators and appropriators whose rights are based upon water 

right permits with priority earlier than those of the Department 

and the Bureau. In addition, the permits of both the Department 

and Bureau for use outside the Delta or the Sacramento River 

watershed are subject to use by appropriators within the Delta 

and watershed regardless of when such use was or is initiated 

(Water Code Section 11460 and Decisions D 990 and D 1275). The 

e f fec t  of t h i s  l i m i t a t i o n  is t o  make the  r i g h t s  of a l l  l e g a l  u s e r s  
.d 

of water i n  t h e  Delta and i n  t h e  watershed s e n i o r  t o  the  r i g h t s  o-f - 

e i t h e r  the  Department o r  the  Bureau t o  s t o r e  o r  d i v e r t  water f o r  

use outs ide the  Delta o r  the  watershed. 

The p r o j e c t s  must be operated so  a s  not  t o  cause any mate r i a l  

d e t e r i o r a t i o n  of water q u a l i t y  which would impair i t s  usefulness  



f o r  the  reasonable b e n e f i c i a 1 " ~ s e s  which a r e  made of water by 

sen io r  r i g h t  holders. The Department and Bureau can be re l ieved  

of t h i s  r e s p o n s i b i l i t y  only i f  they provide an adequate s u b s t i t u t e  

supply without a d d i t i o n a l  expense t o  Delta water u s e r s  (Water Code 
r - 

Sect ion 12202). However, t h e  r i g h t s  of water use r s  on r i p a r i a n  

- lands and appropr ia tors  i n  the  Delta extend only t o  water q u a l i t y '  

and quant i ty  which would have been a v a i l d l e  i n  the  absence' of 

the  p ro jec t s ,  tak ing  i n t o  considerat ion upstream uses 

under vested r ights .  If Delta water use r s  des i re  a d d i t i o n a l  bene- 

fits i n  excess of t h e i r  vested r i g h t s  they  can seek such b e n e f i t s  

from p r o j e c t  operators.  

Although the  Board i n  t h i s  proceeding i s  not  ad judica t ing  o r  de- 

termining t h e  v a l i d i t y  of indiv idual  vested water r i g h t s ,  it  must 

nonetheless i d e n t i f y  the extent  t o  which such r i g h t s  would have 

been s a t i s f i e d  i n  the  absence of t h e  p r o j e c t s  t o  ensure t h a t  the  

operat ion of p r o j e c t  f a c i l i t i e s  does not  adversely encroach upon 

these  uses. 

Public I n t e r e s t  

- "Public i n t e r e s t "  i s  one of the  primary s t a t u t o r y  s tandards guiding t h e  

Board i n  a c t i n g  upon app l i ca t ions  t o  appropriate  water ( s e e  Johnson 
L 

. - Rancho Countv Water D i s t r i c t  v. S t a t e  Water Rights Board, 235 Cal. 

App. 2d 863, 45 Cal. Rptr. 589 (1965); Ca l i fo rn ia  Water Code Sec- 

t i o n s  1253-1258). 



The Water Code provides in several sections that the Board 

should consider the broad public.interest in making water right 

determinations. Section 1257 directs that the Board consider 

the relative benefit to be derived from all beneficial uses 

of the water concerned and further provides that the Board may 

subject appropriations to such terms and conditions as in its 

judgment will best develop, conserve and utilize in the public 

interest, the water sought to be appropriated. Similarly, 

Section 12581 provides that in studying water development projects, 

full consideration shall be given to all beneficial uses of the 

state's water resources, including irrigation, generation of 

electric energy, municipal and industrial consumption of water 

and power, repulsion of salt water, preservation and development 

of fish and wildlife resources, and recreational facilities, but 

not excluding other beneficial uses of water. Finally, with 

regard to the SWP, Section 11900 mandates that preservation of 

fish and wildlife should be provided for in connection with the 

construction of project facilities. 

Another source of guidance in determining the public interest is .. 

the California Environmental Quality Act of 1970 (Public Resources 

Code, Div. 13) which provides that it is the state policy to: - - 
4 

(a) Develop and maintain a high-quality environment now 
and in the future, and take all action necessary to pro- 
tect, rehabilitate, and enhance the environmental quality 
of the state. 



( b )  Take a l l  ac t ion  necessary t o  provide the  people of 
t h i s  s t a t e  with clean a i r  and water, enjoyment of a e s t h e t i c ,  
na tura l ,  scenic,  and h i s t o r i c  environmental q u a l i t i e s ,  and 
freedom from excessive noise. 

( c )  Prevent t h e  e l iminat ion  of f i s h  o r  w i l d l i f e  spec ies  due 
t o  man's a c t i v i t i e s ,  i n su re  t h a t  f i s h  and w i l d l i f e  populations 
do not  drop below self-perpetuat ing l eve l s ,  and preserve f o r  
f u t u r e  generat ions representa t ions  of a l l  p lan t  and animal 
communities and examples of t h e  major per iods  of CaliTornia 
h is tory .  

(d )  Ensure t h a t  t h e  long-term pro tec t ion  of the  environment 
s h a l l  be t h e  guiding c r i t e r i o n  i n  publ ic  decisions.  

( e )  Create and maintain condi t ions under which man and na- 
t u r e  can e x i s t  i n  productive harmony t o  f u l f i l l  t h e  s o c i a l  
and economic requirements of present  and f u t u r e  generations.  

( f )  Require governmental agencies a t  a l l  l e v e l s  t o  develop 
s tandards and procedures necessary t o  p r o t e c t  environmental 
q u a l i t y  . 
(g) Require governmental agencies a t  a l l  l e v e l s  t o  consider  
q u a l i t a t i v e  f a c t o r s  a s  w e l l  a s  economic and t echn ica l  f a c t o r s  
and long-term b e n e f i t s  and cos ts ,  i n  addi t ion  t o  short-term 
b e n e f i t s  and costs,  and t o  consider  a l t e r n a t i v e s  t o  proposed 
ac t ions  a f fec t ing  the  environment. 

A more - s p e c i f i c  mandate governing t h e  Board i n  t h i s  decis ion i s  

P a r t  4.5 of Division 6 of t h e  Water Code, r e f e r r e d  t o  a s  the  Delta 

Pro tec t ion  Act. The Delta  Pro tec t ion  Act accords first p r i o r i t y  

t o  s a t i s f a c t i o n  of vested r i g h t s  and publ ic  i n t e r e s t  needs f o r  - 
water i n  t h e  Del ta  and re l ega tes  t o  l e s s e r  p r i o r i t y  a l l  exports  . . 

of water from the  Delta  t o  o the r  a reas  f o r  any purpose. These 

s t a t u t o r y  p o l i c i e s  a re  subjec t  t o  t h e  overr iding c o n s t i t u t i o n a l  

provis ion t h s t  a l l  uses  of water and d ivers ions  of water must 

be reasonable ( ~ r t i c l e  10, Sect ion 2, Cal i forn ia  cons t i tu t ion) .  



C .  SCOPE OF BOARD ACTIONS 

The j u r i s d i c t i o n  reserved by the  Board t o  r ev i se  o r  formulate ad- 

d i t i o n a l  terms and condit ions i n  t h e  water r i g h t  permits i ssued  t o  

the  Department and Bureau a f f e c t i n g  Delta  water suppl ies  covers  t h r e e  - 
genera l  areas:  (1)  s a l i n i t y  cont ro l ,  (2 )  p ro tec t ion  of f i s h  and I 

w i l d l i f e ,  and (3) coordinat ion of terms and condit ions of the  res- - 
pect ive  permits  f o r  t h e  SWP and CVP. 

The p r i n c i p a l  focus of t h i s  p lan  i s  l imi ted  t o  current  and n e a r  

term condit ions i n  t h e  Delta. The water q u a l i t y  s tandards a r e  

based on condit ions expected t o  p r e v a i l  over the  next t e n  years.  

The Board, i n  l i m i t i n g  the  e f f e c t i v e  per iod of t h e  plan,  recognizes 

the  uncer t a in ty  associa ted  with proposed p r o j e c t  f a c i l i t i e s  t o  be 

constructed and t h e  need f o r  a d d i t i o n a l  information on t h e  Delta- 

Bay ecosystem. A s  new f a c i l i t i e s  a r e  constructed and a d d i t i o n a l  

information gathered on t h e  Delta, the  Board w i l l  review water 

q u a l i t y  s tandards t o  ensure t h a t  b e n e f i c i a l  uses  of Delta suppl ies  

a re  protected.  

- 
This i s  cons i s t en t  with Sect ion  303(c ) ( l )  of the  Federal  Water 

Po l lu t ion  Control Act (PL 92-500) which requ i res  review a t  - 
- - 

l e a s t  once every t h r e e  years  of water q u a l i t y  s tandards estab- 

l i s h e d  i n  water q u a l i t y  c o n t r o l  plans. 



D. ' THE WATER QUALITY CONTROL PLAN .. . 

The Delta  Plan c o n s i s t s  of t h r e e  elements: (1) designation of bene- 

f i c i a l  uses  t o  be protected,  ( 2 )  establishment of water q u a l i t y  

s tandards f o r  reasonable p ro tec t ion  of the  b e n e f i c i a l  uses, and 

( 3 )  establishment of a program of implementation needed f o r  

achieving these  water  q u a l i t y  s tandards (water  Code Sect ion 

13050( j). The implementation program s e t  f o r t h  i n  Chapter VII 

of t h e  p lan  provides both spec i f i c  measures which must be taken 

t o  s a t i s f y  water q u a l i t y  s tandards during the  e f f e c t i v e  period 

of t h i s  plan, and broad po l i cy  guidance t o  assist loca t ion ,  s t a t e  

and f e d e r a l  agencies i n  f i n a l i z i n g  plans f o r  a d d i t i o n a l  p r o j e c t  

f a c i l i t i e s .  

Chapter I1 of t h i s  repor t  d iscusses  water q u a l i t y  condi t ions i n  

the  Del ta  and Suisun Marsh and Chapter I V  descr ibes  the  p a s t  pro- 

ceedings undertaken by t h e  Board and i t s  predecessor agencies ( t h e  

S t a t e  Water Quality Control Board and the  S t a t e  Water Rights. ~ o a r d )  

t o  p r o t e c t  b e n e f i c i a l  uses  of Delta suppl ies .  

The water q u a l i t y  s tandards a re  presented i n  Chapter V I .  These - 
standards r e f l e c t  a c l o s e r  f i t  t o  hydrologic conditions and avai l -  

.. able  water suppl ies  than  current  water q u a l i t y  objec t ives  contained - - 

i n  the  bas in  plans. Even though t h e  s tandards require  l e s s  fresh- 

water outflow because of a more e f f i c i e n t  use of Delta outflows 

and a b e t t e r  understanding of b e n e f i c i z l  use needs i n  the  Delta, 

the  o v e r a l l  p ro tec t ion  under t h e  s tandards i s  g r e a t e r  than  t h a t  

provided by the  current  basin p lan  objec t ives  ( see Chapter I V  of 

ETR).  I n  addi t ion,  t h e  water q u a l i t y  con t ro l  plan requi res  mitiga- 

t i o n  of p r o j e c t  impacts on Suisun Marsh by October 1, 1984. 



The Delta  Plan supersedes Figure m-1 and t h e  Delta s a l i n i t y  

s tandards of Table N-2 both contained i n  the  Water Qual i ty  Control 

Plan f o r  t h e  Sacramento-San Joaquin Delta Basin (Basin 5B Plan).  

Also, t h e  Delta Plan supersedes the  Chipps I s l a n d  and Suisun Marsh 
. - 

standards of the  Water Q u a l i t y  Control Plan f o r  the  San Francisco .. 

Bay Basin (Basin 2 Plan),  as modified by S t a t e  Board Resolution 76-61. 
- 
- 

The water q u a l i t y  con t ro l  p lan  f o r  t h e  Del ta  and Suisun Marsh w i l l  

be submitted t o  t h e  Environmental P ro tec t ion  Agency f o r  approval 

i n  accordance with requirements of PL 92-500 a s  amended. This 

water q u a l i t y  con t ro l  plan, when considered a s  an adjunct  t o  the  

comprehensive bas in  plans,  s a t i s f i e s  a l l  f e d e r a l  requirements. 



CHAPTER I1 

WATER QUALITY CONDITIONS 

Water q u a l i t y  condi t ions i n  the  Del ta  and Suisun Marsh depend 

on water quant i ty .  Del ta  waters a re  a mixture of seawater and 

freshwater including r e t u r n  flows of var ious s a l i n i t y  l eve l s .  

The s a l i n i t y  of t h e  mixture is extremely va r i ab le  geographically, 

seasonal ly and from y e a r  t o  year. The ex ten t  of s a l i n i t y  in t ru-  

s ion  i n t o  t h e  Delta is  determined by the  r e l a t i v e  magnitude of 

the  opposing fo rces  of t i d a l  ac t ion  and Delta  outflow. 

Upstream s torage  f a c i l i t i e s ,  in-basin deplet ions and Delta ex- 

p o r t s  have a l l  reduced and seasonal ly a l t e r e d  the  n a t u r a l  fresh- 

water outflow from t h e  Delta. This a l t e r a t i o n  of n a t u r a l  outflow 

has s i g n i f i c a n t l y  a f f e c t e d  t h e  extent  and durat ion of seawater 

i n t r u s i o n  i n t o  t h e  Delta and Suisun Marsh. 

S a l i n i t y  i s  t h e  major water q u a l i t y  f a c t o r  a f f e c t i n g  b e n e f i c i a l  

uses  of Delta suppl ies  and i s  d i r e c t l y  inf luenced by operat ions 

of p ro jec t  f a c i l i t i e s .  Therefore, t h e  discussion on water q u a l i t y  
- 

condit ions i n  the  Del ta  i s  r e s t r i c t e d  t o  s a l i n i t y  in t rus ion .  

- 
The major f a c t o r s  a f f e c t i n g  Delta  outflow a r e  n a t u r a l  runoff, .  t h e  

regulatory e f f e c t s  of upstream developments which e i t h e r  reduce 

runoff o r  change i t s  time of occurrence, and SWP and CVP opera- 

t i o n s  which t r anspor t  water through the  Del ta  and pump water from 

it f o r  export. 



Storage f a c i l i t i e s  constructed by t h e  s t a t e ,  f e d e r a l  government 

and o the r  publ ic  and p r i v a t e  agencies have reduced winter  and 

sp r ing  flows but have increased summer and f a l l  flows through 

s torage releases .  However, expected inc reases  i n  export  r a t e s  

w i l l  lower the  mid and l a t e  f a l l  outflows below n a t u r a l  l eve l s .  

Since r i p a r i a n  water r i g h t s  i n  the  Del ta  extend only t o  n a t u r a l  - 
flows, measured flows must be adjus ted  t o  r e f l e c t  these  man-induced - 
a l t e r a t i o n s  t o  n a t u r a l  h y d r ~ l o g y  t o  a s s e s s  impacts on vested 

water  r igh t s .  

A hydrologic c l a s s i f i c a t i o n  of year  types has been developed f o r  

t h i s  plan. The water q u a l i t y  standards s e t  f o r t h  i n  Table VI-1 

provide f o r  adjustments i n  t h e  l e v e l  of p ro tec t ion  t o  b e n e f i c i a l  

uses  according t o  t h e  hydrologic year  type. 

A new yea r  type c l a s s i f i c a t i o n  system w a s  proposed by t h e  Department 

during t h e  hearing process  (Department Exhibit  1 ) u  Figure 11-1 

shows t h e  yea r  c l a s s i f i c a t i o n  system developed f o r  t h e  Delta Plan. 

It i s  t h e  same a s  the  Department's proposal except t h a t  t h e  "Year 

Following C r i t i c a l  Yearw designat ion does not apply t o  a g r i c u l t u r a l ,  

municipal and i n d u s t r i a l  standards.  This modif icat ion i s  necessary 

t o  provide those uses  t h e  f u l l  p ro tec t ion  t o  which they are e n t i t l e d  - 
under t h e i r  vested water r igh t s .  The system i s  based on unimpaired 

runoff t o  the  Sacramento Valley from t h e  four  p r i n c i p a l  t r i b u t a r i e s  - 
. - 

t o  it: Sacramento River, Feather  River, Yuba River and American River. 

Although the re  were some object ives ,  t h e  only o the r  s u b s t a n t i a l  modi- 

f i c a t i o n  of fered  t o  t h e  Department's c l a s s i f i c a t i o n  system was one 

which included San Joaquin River flows. The evidence does not indi -  

ca te  t h a t  the  add i t ion  of San Joaquin River inflows would improve the  

c l a s s i f i c a t i o n  system. 

References here in  t o  the  hearing record may be t o  e i t h e r  ex- 
h i b i t s  i d e n t i f i e d  by pa r ty  and e x h i b i t  number o r  testimony 
i d e n t i f i e d  by r e p o r t e r t  s t r a n s c r i p t  ( R T )  volume and page number. 

11-2 



FIGURE 11-1 

YEAR CLASSIFICATION 

YEAR T Y P E Y  

Year classification shall be determined by the forecast A l l  Years for Year Following 
of Sacramento Valley unimpaired runoff for the current water A l l  ~ t a n ~ ~ r i t i c a l  Year Y 
year (October 1 of the preceding calendar year through Except 
September 30 of the current calendar year) as published in 
Cal ifornia Department of Water Resources Bul let in 120 for 
the sum of the following locations: Sacramento River above 
Bend Bridge, near Red Bluff; Feather River, .total inflow to 
Orovi l le Reservoir; Y uba River at Smartvi l le; American 
River, total inflow to Folsom Reservoir. Preliminary 
determinations of year classification shall be made in 
February, March and April with final determination in May. 
These preliminary determinations shal l be based on hydro- 
logic conditions to date plus forecasts of future runoff 
assuming normal precipitation for the remainder of the 
water year. 

YEAR TYPE RUNOFF, tWlLLlONS OF ACRE-FEET 

Wet 1 1  equal to or greater than 19.6 (except 
equal to or greater than 22.5 in a year 
following a critical year). 

Above Normal LI greater than 15.7 and less than 19.6 
(except greater than 15.7 and less than 
225 in a year following a critical year).u 

Below Normal '-/ equal to or less than 15.7 and greater 
than 12.5 (except in a year following a 
critical year),v 

Dry equal to or less than 12.5 and greater 
than 10.2 (except equal to or less than 
15.7 and greater than 12.5 in a year 
following a critical year).3-/ 

Critical equal to or less than 10.2 (except equal 
to or less than 12.5 in a year following 
a critical year).7-/ 

Any otherwise wet, above normal, or below normal year may be designated a subnormal 
snowmelt year whenever the forecast of April through July unimpaired runoff reported in 
the May issue of Bullet in 120 is less than 5.9 mill ion acre-feet. 
The year type for the preceding water year w i l l  remain in effect unti l  the in i t ia l  forecast 
of unimpaired runoff for the current water year i s  available. 

'?Year following crit ical year" classification does not apply to Agricultural. Municipal and 
Industria I standards. 



The following discussion '  i s  divided i n t o  t h r e e  par t s :  pre-pro jec t ,  

post-pro jec t ,  and without p r o j e c t  water q u a l i t y  conditions.  Pre- 

p ro jec t  water  q u a l i t y  r e f l e c t s  those condi t ions e x i s t i n g  during the  

per iod 1920-1944. This i s  t h e  most complete per iod of record f o r  

which s a l i n i t y  i n t r u s i o n  da ta  on t h e  Del ta  i s  avai lab le ,  p r i o r  t o  - . 
operat ion of SWP and CVP f a c i l i t i e s .  The post-project  per iod 1945- 

1976, commencing with i n i t i a l  operat ion of Shasta  Dam i n  1945, en- 

compassed an  increas ing  number of regulatory f a c i l i t i e s  and stream 

depletions.  The without p r o j e c t  condi t ion i s  a t h e o r e t i c a l  condition. 

It r e f e r s  t o  t h e  water  q u a l i t y  t h a t  would occur i n  1960 had the  CVP 

and SWP f a c i l i t i e s  not  been constructed. The without p ro jec t  condi- 

t i o n  r e f l e c t s  t h e  e f f e c t  of o t h e r  non-project regulatory f a c i l i t i e s  

and stream depletions.  

Am PRE-PROJECT CONDITIONS 

Under pre-pro j ec t  condi t ions (1920-1944), seawater moved upstream 

toward and i n t o  t h e  Delta when freshwater  inflows t o  t h e  Del ta  de- 

creased. Typically, t h i s  s a l i n i t y  i n t r u s i o n  began i n  l a t e  spr ing  

and continued through the  summer, with maximum i n t r u s i o n  occurring 

sometime i n  August o r  September. Figure 11-2 shows the  maximum 

s a l i n i t y  i n t r u s i o n  each yea r  f o r  pre-project  conditions,  a s  re- - 
fleeted by t h e  loca t ion  of t h e  1000 ppm chlor ide  1 i n e . V  The wide 

- - 
y For purposes of  t h i s  plan, s a l i n i t y  i s  expressed i n  terms. of 

ch lor ide  ion  concentration, t o t a l  dissolved s o l i d s  (TDS) o r  elec- = *  

t r i c a l  conduct ivi ty  (EC). Chloride i o n  concentrat ion and TDS a r e  
expressed interchangeably a s  p a r t s  p e r  mi l l ion  arts of water 
(ppm) o r  as mill igrams p e r  l i t e r  of water bmg/l  f' . EC i s  expressed 
i n  terms of millimhos p e r  cent imeter  a t  25 C (mmhos). Seawater 
has an average chlor ide  concentrat ion of 18,000 ppm and predomi- 
nant ly  freshwater  r i v e r  flows i n t o  the  Delta have a ch lor ide  con- 
c e n t r a t i o n  of 10-20 ppm. The 1000 ppm chloride concentration, 
which i s  unusable f o r  most b e n e f i c i a l  uses  i n  the  Delta, has been 
used h i s t o r i c a l l y  as a measure of s a l i n i t y  i n t r u s i o n  s ince  the  
1920's. 



FIGURE 11-2 



f l u c t u a t i o n  i n  t h e  maximum s a l i n i t y  i n t r u s i o n  from year  t o  y e a r  

is  due t o  the  large-scale v a r i a t i o n s  of f reshwater  Del ta  inflows 

from t r i b u t a r y  streams experienced during t h e  1920-1944 period. 

These v a r i a t i o n s  r e f l e c t  d i f f e rences  not  only i n  t o t a l  annual in- 
- 

flows, but a l s o  i n  t h e  seasonal  d i s t r i b u t i o n  of those inflows. For  

instance,  reduced freshwater  inf lows i n t o  the  Del ta  during 1924 and - 
1931, both of which were c r i t i c a l  water supply years,  as defined 

by the  runoff of t h e  Sacramento Valley t r i b u t a r i e s  described i n  

Figure r e s u l t e d  i n  extensive s a l i n i t y  in t rus ion .  Conversely, 

high runoff i n  t h e  Cent ra l  Valley during 1938 he ld  t h e  maximum 

s a l i n i t y  i n t r u s i o n  t o  t h e  western border of t h e  Delta. Under pre- 

p r o j e c t  conditions,  the  ex ten t  of s a l i n i t y  i n t r u s i o n  w a s  not  a f f e c t e d  

by CVP o r  SWP regulatory f a c i l i t i e s  o r  by upstream and export  uses  

induced by those f a c i l i t i e s .  

Figure 11-3 i l l u s t r a t e s  t h e  progressive i n t r u s i o n  of seawater dur- 

i n g  a t y p i c a l  c r i t i c a l  year, 1939. A s  shown i n  t h i s  f igure ,  s a l i n i t y  

i n t r u s i o n  i n t o  t h e  western Delta  commenced sometime i n  June, gradual- 

l y  pushing i ts  way i n t o  t h e  c e n t r a l  por t ion  of t h e  Del ta  by August 

and September. The maximum s a l i n i t y  i n t r u s i o n  i n t o  the  Sacramento .. 

River por t ion  of t h e  Del ta  occurred on August 18. Af te r  t h a t  date,  e 

freshwater  inflows t o  t h e  Del ta  increased s u f f i c i e n t l y  t o  repulse - - e r n  

s a l i n i t y .  These increased  inflows marked t h e  c lose  of the  irri- 

gat ion  season f o r  many crops i n  t h e  Sacramento Valley r e s u l t i n g  i n  

a s u b s t a n t i a l  acc re t ion  i n  r e t u r n  flows from upstream development. 

I n  t h e  southern por t ion  of t h e  c e n t r a l  Delta, along the  San - 
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Joaquin River, the  maximum s a l i n i t y  i n t r u s i o n  d id  not  occur u n t i l  

September and s a l i n i t y  repuls ion was much slower than i n  the  

Sacramento River por t ion  of t h e  Delta. 

Pre-project condi t ions  genera l ly  provided adequate p ro tec t ion  of 

many Delta b e n e f i c i a l  uses  i n  most years. I n  dry and c r i t i c a l  

years,  maximum s a l i n i t y  i n t r u s i o n  extended in land as ind ica ted  

by t h e  monthly i n t r u s i o n  p a t t e r n  f o r  1939, shown on Figure 11-3. 

Thus, even i n  dry and c r i t i c a l  yea r s  the re  was  s u i t a b l e  water 

q u a l i t y  f o r  many uses  during much of the  summer. The occurrence 

and ex ten t  of seawater i n t r u s i o n  is important i n  assess ing  i ts  

impact on Delta  benef i c i a l  uses. Figures  11-4 and 11-5 i l l u s t r a t e  

v a r i a t i o n s  i n  these  f a c t o r s  under t h e  var ious hydrologic y e a r  

types f o r  Emmaton and Jersey  Point  i n  the  western Del ta  and f o r  

Cent ra l  Landing (on Andrus I s l a n d  near  t h e  mouth of t h e  Mokelumne 

River) and Webb Pump (on False  River near  Old River) i n  the  in- 

t e r i o r  Delta. 

Figures  11-4 and 11-5 a re  based on the  same h i s t o r i c a l  water 

q u a l i t y  da ta  as Figure 11-2. The bas ic  da ta  represent  water - - - 
q u a l i t y  samples taken 1-1/2 hours a f t e r  high high t i d e . , u  These 

s a l i n i t y  values a r e  somewhat g r e a t e r  than  comparable mean t i d e  

values. These bas ic  da ta  have been adjus ted  t o  represent  t h e  

2/ The h igher  of the  two high t i d e s  i n  each t i d a l  cycle of about 
2 5 hours. 
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mean t i d e  condi t ions shown i n  Figure 11-2. ( s ~ e  RT Vol. XX, p. 

39, e t  seq., and.Staff  Exhibi ts  4 and 5 f o r  methodology on develop- 

ment of these  f i g u r e s  ) * 

The occurrence and durat ion of water q u a l i t y  equal  to '  o r  b e t t e r  

than s a l i n i t y  leve l& experienced during t h e  i r r i g a t i o n  season 

(~pri l -September)  of t y p i c a l  wet through c r i t i c a l  hydrologic 

year  types  are shown i n  Figures 11-4 and 11-5. A s  r e f l e c t e d  i n  

these f igures ,  the re  are s i g n i f i c a n t  d i f ferences  i n  t h e  occur- 

rence and dura t ion  of these  s a l i n i t y  l e v e l s  between t h e  western 

and i n t e r i o r  Del ta  during the  i r r i g a t i o n  season. The western 

Delta experienced except ional ly  good water q u a l i t y  during most 

of t h e  i r r i g a t i o n  season only i n  above-normal and wet years. 

Even though good water q u a l i t y  w a s  experienced e a r l y  i n  the  sea- 

son i n  dry yea r s  and i n  c r i t i c a l  years ,  the  q u a l i t y  de te r io ra ted  

rapid ly  a s  low summer Delta inflows allowed extensive s a l i n i t y  

in t rus ion .  However, t h e  water q u a l i t y  condi t ions a t  the  two in- 

t e r i o r  Del ta  s t a t i o n s ,  depicted i n  Figure 11-5, were good except 

i n  c r i t i c a l  yea r s  a t  t h e  Webb Pump s ta t ion .  Water q u a l i t y  dif- 

ferences between t h e  two i n t e r i o r  Delta s t a t i o n s  a r e  due pr imar i ly  - 
t o  the  respect ive inf luences  of t h e  major r i v e r  systems, A t  

- Central  Landing s t a t i o n  t h e  Sacramento River with s u b s t a n t i a l  
* - 

flows i s  t h e  major inf luence whereas a t  Webb Pump s t a t i o n  t h e . 1 0 ~  

flowing and more s a l i n e  San Joaquin River is  the  primary influence.  

The s p e c i f i e d  s a l i n i t y  l e v e l s  have been se lec ted  t o  i d e n t i f y  
t h e  ex ten t  t h a t  water q u a l i t y  condi t ions i n  t h e  Delta 'would 
be s u i t a b l e  f o r  a g r i c u i t u r a l -  uses. 



B. POST-PRO JECT CONDITIONS 

Operations of the  CVP and SWP and o t h e r  water development p r o j e c t s  

have resu l t ed  i n  s u b s t a n t i a l  regula t ion  of stream flows t r i b u t a r y  

t o  the  Delta. Major r e s e r v o i r s  i n  the  watersheds t r i b u t a r y  t o  the  

Del ta  have more than  twenty mi l l ion  acre-feet  of s torage  capacity. 

Figure 11-6 shows t h e  maximum annual s a l i n i t y  i n t r u s i o n  i n t o  t h e  

Del ta  f o r  t h e  post-project  per iod 1945-1976. P ro jec t  operat ions 

have reduced winter  and sp r ing  outflows and increased summer and 

f a l l  outflows. These opera t ional  outflow modif icat ions genera l ly  

have kept t h e  maximum s a l i n i t y  i n t r u s i o n  i n t o  t h e  Del ta  ( t h e  1000 

ppm chloride l i n e )  a t  a po in t  f u r t h e r  west than  would otherwise 

have been t h e  case. I n  most yea r s  s ince  1945, maximum s a l i n i t y  

i n t r u s i o n  has not  extended much beyond Emmaton and Je r sey  Point,  

because p r o j e c t  r e se rvo i r s  have s t o r e d  t h e  high spring flows and 

have re leased  t h i s  water t o  increase  summer and f a l l  flows. Thus, 

s a l i n i t y  over t h e  las t  30 years  through much of the  summer 

genera l ly  has been somewhat l e s s  than  would have occurred na tu ra l ly ,  

but t h e  1000 ppm chlor ide  l i n e  reached Antioch e a r l i e r  i n  the  yea r  

during below normal, dry and c r i t i c a l  runoff years  of t h e  post- 

p ro jec t  per iod  than  i n  similar yea r  types  p r i o r  t o  p r o j e c t  opera- - 
t i o n s  (NDWA Exhibit  D) . However, it has not  extended as f a r  up- 

stream as under pre-project  conditions.  - 
- - 

C. WITHOUT PROJECT CONDITIONS 

Without p r o j e c t  condi t ions have been es tab l i shed  by ad jus t ing  pre- 

p r o j e c t  s a l i n i t i e s  t o  r e f l e c t  1980 l e v e l s  of upstream deple t ions  

a t t r i b u t a b l e  t o  sources o t h e r  than t h e  s t a t e  and f e d e r a l  p ro jec t s .  
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~ a t a  used i n  c a l c u l a t i n g  these  deple t ion  adjustments i s  l i m i t e d  

(Department Exhibit  11-12). Consequently, these  es t imates  may 

require  refinement i n  f u t u r e  revis ions  of t h i s  water q u a l i t y  

con t ro l  plan. The r e s u l t s  of t h i s  a n a l y s i s  a r e  shown i n  Figures  

11-4, 11-5 and 11-7. The t h e o r e t i c a l  condi t ions shown i n  these  

f i g u r e s  should c lose ly  approximate those condi t ions which would 

e x i s t  i n  the  absence of t h e  CVP and SWP. 

Upstream water  development ( inc luding  non-state/federal  f a c i l i t i e s )  

has continued t o  increase  s ince  1945. This development inc ludes  

s torage f a c i l i t i e s  f o r  i r r i g a t i o n  and municipal supp l i e s  and f o r  

hydroelec t r ic  power generation, a s  we l l  as s u b s t a n t i a l  inc reases  

i n  upstream consumptive uses. The e f f e c t  of these  increased non- 

s t a t e / f ede ra l  upstream deple t ions  and regula t ions  on Del ta  water  

q u a l i t y  has  been masked t o  a s u b s t a n t i a l  degree by CVP operat ion 

from 1945-1967, and s ince  1967 (when SWP operat ion began) by both 

CVP and SWP . operations. The f e d e r a l  and s t a t e  pro  j e c t s . p r e s e n t l y  

have more ava i l ab le  y i e l d  than  needed f o r  t h e i r  contractors .  Con- 

sequently t h e  p r o j e c t s  have re leased  l a r g e  q u a n t i t i e s  of water  t h a t  

increased Delta  outflows i n  the  summer and fal l .  Over t h e  l a s t  ... 
decade, t h e  a v a i l a b i l i t y  of these  surp lus  p r o j e c t  supp l i e s  has  

decreased as p r o j e c t  export  demands have increased. Continued decrease . - - 

n a t u r a l  leve ls .  

One of t h e  primary concerns i n  preparing a  water q u a l i t y  con t ro l  

p lan  f o r  the  Delta i s  t h e  evaluat ion of CVP and SWP operat ions and 

See RT Vol. XX, p. 47, e t  5eq. and S t a f f  Exhibi ts  4. and 5 f o r  
methodology on t h e  development of these f igures .  
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exports  on Delta vested water r igh t s .  Without p r o j e c t  condi- 

t i o n s  r e f l e c t  t h a t  t h e o r e t i c a l  water q u a l i t y  which would occur 

i n  the  absence of the  CVP and SWP. If without p r o j e c t  condi t ions 

i n  t h e  Delta, as l imi ted  by reasonable b e n e f i c i a l  use, a r e  provided 
- 

by t h i s  plan, vested water r i g h t s  w i l l  be pro tec ted  from infringement - 
by p r o j e c t  operations.  

Del ta  s a l i n i t y  under without p r o j e c t  condi t ions m.uld have been 

worse i n  summer and f a l l  months i n  wet and normal yea r s  than  

occurred under pre-project  conditions. Delta s a l i n i t y  i n  c r i t i c a l  

yea r s  would be about t h e  same under e i t h e r  s e t  of conditions.  

There are two primary f a c t o r s  cont r ibut ing  t o  the  d i f fe rences  i n  

e f f e c t s  between pre-pro j e c t  and without p r o j e c t  conditions.  Summer 

flow i n  t h e  Sacramento and San Joaquin River systems e s s e n t i a l l y  

had been f u l l y  appropriated by the  mid-1950's. In-basin use of 

water, unassociated with p r o j e c t  development and i n  excess of the  

ava i l ab le  n a t u r a l  supply h a s  depended on t h e  development of res- 

e r v o i r  s torage  and t h e  use of groundwater t o  meet these  needs, 

r e s u l t i n g  i n  l e s s  Delta inf low than would have otherwise occurred. 

However, many r e s e r v o i r s  a r e  operated f o r  hydroelec t r ic  power pro- 
w 

duction. These hydroelec t r ic  p r o j e c t s  genera l ly  s t o r e  water  during . 
high flow per iods  and re lease  t h e  water during t h e  low f low summer - - 

- 
and f a l l  months t o  meet t h e i r  power demands. This regulat ion.  pro- 

vides t h e  Delta with some benef i t  from carryover of s t o r e d  flows 

i n t o  dry and c r i t i c a l  years. 



D. DELTA FLOW PATTERNS/SALINITY DISTRIBUTION 

Operations of t h e  SWP and CVP have caused a s i g n i f i c a n t  s h i f t  i n  

flow p a t t e r n s  and s a l i n i t y  d i s t r i b u t i o n  i n  t h e  Del ta  and Suisun 

Marsh. P r i o r  t o  development of upstream storage f a c i l i t i e s  and 

p r o j e c t  export  of s i g n i f i c a n t  q u a n t i t i e s  of water from the  southern 

Delta, water en ter ing  t h e  Del ta  from the  Sacramento Valley flowed 

down the  main channel of t h e  Sacramento River, through Georgiana 

Slough connecting t h e  r i v e r  with t h e  Mokelumne River, and through 

Three Mile Slough and lower Sherman I s l a n d  channels connecting it 

with t h e  San Joaquin River system. O f  these  channels only G e o r  

giana Slough is  far  enough upstream s o  t h a t  it could e f fec t ive ly  

t r a n s f e r  f r e s h  Sacramento River water t o  t h e  San Joaquin River 

channels i n  t imes of s a l i n i t y  in t rus ion .  From t h e  south,' S e  Joaquin 

River water flowed through t h e  channels of the  southern and c e n t r a l  

por t ions  of the  Delta   an Joaquin River, Old River, Middle River, 

and Paradise Cut) eventual ly  mingling with Sacramento River water 

i n  the  western por t ion  of t h e  Delta. Hi s to r i ca l ly ,  inf low t o  the  
. . 

Delta  from the  San Joaquin River has been considerably l e s s  than 
- 

t h a t  from t h e  Sacramento River. 

. - 

The hydraulic capaci ty  of Georgiana Slough is i n s u f f i c i e n t  t o  con- 

vey t h e  necessary flows t o  s a t i s f y  p ro jec t  demands through i n t e r i o r  

channels of t h e  Del ta  t o  export  f a c i l i t i e s  during low flow periods.  



.. . Because of these  flow l imi ta t ions ,  ' t he  Bureau constructed t h e  

Delta Cross Channel i n  1951 connecting the  Sacramento and Mokelumne 

Rivers v i a  Snodgrass Slough. The Delta Cross Channel provides t h e  

required a d d i t i o n a l  capaci ty  by con t ro l l ed  d ivers ions  i n t o  t h e  

Mokelumne River through a gated s t ruc ture .  The i n i t i a l  export  .I 

pumping f a c i l i t i e s  f o r  t h e  Delta-Mendota Canal were a l s o  construc- 

t e d  by t h e  Bureau i n .  1951, marking t h e  commencement of CVP induced 
u 

flow and s a l i n i t y  modif icat ions i n  t h e  Delta. These flow and 

s a l i n i t y  changes became more pronounced i n  1967 when SWP expor ts  

commenced. 

Under current  opera t ional  p r a c t i c e s  of the  SWP and CVP, f low re- 

v e r s a l s  normally occur each yea r  i n  Old and Middle Rivers, between 

t h e  San Joaquin River i n  t h e  south c e n t r a l  por t ion  of the  Del ta  and 

the  export  pumps near  Tracy. Flow rever sa l s  a l s o  occur i n  o t h e r  

channels with low San Joaquin River inflow, high Del ta  consumptive 

use, and high export  r a t e s .  Flow rever sa l  i n  t h e  main channel of 

t h e  San Joaquin River from Stockton south t o  t h e  b i fu rca t ion  with 

Old River near  Mossdale occurs genera l ly  when the  export  r a t e s  a re  

g r e a t e r  than f i v e  t imes t h e  San Joaquin River inflow a t  Vernal is  

(RT Vol. IV, pa 163) Additionally,  from the  e a r l i e s t  days of CVP 
- - 

operat ion and more f requent ly  i n  recent  years,  reverse flows have 

occurred around t h e  lower end of Sheman I s l a n d  from the  Sacramento 

River t o  t h e  San Joaquin River and up t o  the  San Joaquin River t o  

Old and Middle Rivers. 



These flow rever sa l s  have caused changes i n  s a l i n i t y  d i s t r i b u t i o n  

i n  t h e  Delta. For example, a reas  receiving Sacramento River water 

( c e n t r a l  Delta, Middle River) usua l ly  have low s a l i n i t y  concentra- 

t ions ,  similar t o  Sacramento River water qual i ty .  Likewise, Old 

River i n  the  c e n t r a l  and western por t ions  of the  Delta and many 

of t h e  western Delta  channels contain a mixture of Sacramento River 

water and water drawn i n  from t h e  San Joaquin River west of the  

Delta. Accordingly, high export  r a t e s  under low Delta  inf low 

condit ions improve s a l i n i t y  condi t ions i n  the  c e n t r a l  Delta, worsen 

condit ions i n  t h e  southwestern Delta, and have mixed e f f e c t s  i n  t h e  

southern Delta. 



CHAPTER I11 

BENEFICIAL USES 

The establishment of b e n e f i c i a l  uses  i s  the  i n i t i a l  s t ep  i n  

development of a water q u a l i t y  con t ro l  plan. The waters of 

. t h e  Delta and Suisun Marsh serve a wide v a r i e t y  of purposes and 

uses  not only f o r  Del ta  r e s iden t s  but a l s o  f o r  t h e  e n t i r e  s t a t e .  

The b e n e f i c i a l  uses  i n  t h e  Delta and Suisun Marsh have been 

c l a s s i f i e d  h i s t o r i c a l l y  under t h r e e  broad categories:  F ish  and 

Wildlife,  Agriculture,  and Municipal and I n d u s t r i a l .  These 

ca tegor ies  of use have been maintained i n  t h i s  plan. 

Once t h e  b e n e f i c i a l  uses  a r e  i d e n t i f i e d ,  corresponding water  

q u a l i t y  s tandards and o t h e r  water  q u a l i t y  con t ro l  p o l i c i e s  a re  

formulated f o r  t h e  reasonable p ro tec t ion  of these  uses. This 

chapter,  i n  add i t ion  t o  iden t i fy ing  s p e c i f i c  b e n e f i c i a l  uses, 

presents  t h e  f a c t o r s  which were considered i n  s e l e c t i n g  the  l e v e l  

of p ro tec t ion  f o r  each b e n e f i c i a l  use. 

A-  FISH AND WILDLIFE - 
It i s  un l ike ly  t h a t  a l l  of the  information necessary t o  understand - 

t h e  complex i n t e r r e l a t i o n s h i p s  among t h e  numerous es tua r ine  

organisms i n  Suisun Marsh and the  Delta w i l l  ever  be ava i l ab le -  

However, cur rent  knowledge i s  s u f f i c i e n t  t o  make some sound judg- 

ments on t h e  requirements f o r  general  p ro tec t ion  of these  organisms 

i n  the  estuary.  



Fishery .. . 

During the  hearing, the  Department of Fish and Game (F i sh  and 

~ a m e )  emphasized certai 'n key f i s h e r y  species ,  s t r i p e d  bass  and 

salmon, (F ish  and Game Bchibit  11q p. 6; RT Vol. X X I I I  pp. 15- 

16). These key spec ies  were s e l e c t e d  pr imar i ly  because of t h e i r  

o v e r a l l  importance i n  t h e  Del ta  and Suisun Marsh and t h e  cu r ren t  

s t a t e  of knowledge on these  s p e c i e s  r e l a t i n g  environmental f a c t o r s  

t o  expected f i s h e r y  population leve ls .  S t r iped  bass  and salmon 

a l s o  a re  p ~ r t i c u l a r l y  s e n s i t i v e  t o  operat ion of t h e  water p r o j e c t s  
. . 

i n  t h e  Delta and Suisun Marsh ( ~ i s h  and Game Exhibit  3 ,  Chapter I) .  

A discussion of o the r  important e s tua r ine  organisms including zoo- 

plankton, phytoplankton, zoobenthos, o the r  anadromous f i s h  and 

res ident  game and non-game f i s h  is conteined i n  the  EIR prepared 

f o r  t h i s  plan. 

S t r iped  Bass. S t r iped  bass, one of t h e  S t a t e ' s  top ranking spor t  

f i sh ,  w a s  first introduced i n t o  Ca l i fo rn ia  from the  East Coast i n  

1879. It i s  a semi-anadromous, semi-resident f i s h  highly adapted 

Since 1970 Fish  and Game, t h e  Department, U. S. F ish  and Wild l i fe  
Service (USFWS), and t h e  Bureau have p a r t i c i p a t e d  i n  coordinated 
ecologica l  s t u d i e s  of t h e  estuary.  Currently, these  p a r t i e s  a r e  
negot ia t ing  a memorandum of understanding which would provide ' 
f o r  maintenance of f i s h  and w i l d l i f e  resources on the  average a t  
l e v e l s  which have occurred i n  the  recent  pas t ,  a s  wel l  a s  pro- 
viding f o r  r e a l i z a t i o n  of water p r o j e c t s '  p o t e n t i a l  f o r  enhance- 
ment of these  resources. The Apr i l  1977 d r a f t  of t h i s  memoran- 
dum of understanding, o r  FourcAgency Agreement, was presented a s  
an e x h i b i t  i n  t h e  Delta hearing (F i sh  and Game Exhibit  11). 



t o  e s tua r ine  l i f e .  The s t r i p e d  bass  s p o r t s  f i s h e r y  accounts f o r  

two mi l l ion  ang le r  days annually drawing fishermen from through- 

out the  nation. Its ne t  economic value f o r  1970 was estimated by 

Stanford Research I n s t i t u t e  i n  1965 d o l l a r s  a t  about 7.5 mi l l ion  

d o l l a r s  p e r  yea r  ( ~ i s h  and Game Exhibit  3, p. 111-1). The s t r i p e d  

bass l i f e  cycle i n  t h e  Bay-Delta estuary,  depicted i n  Figure 111-1, 

is  based on Fish  and Game testimony during t h e  Delta hearing ( ~ i s h  

and Game Exhibit  3 ) .  

C r i t i c a l  s t ages  i n  the  s t r i p e d  bass l i f e  cycle  appear t o  be spawn- 

ing and young survival .  Certain flow and s a l i n i t y  condi t ions a r e  

necessary i n  each of these  s t ages  t o  maintain a successfu l  f ishery.  

Recommended water q u a l i t y  s tandards f o r  these  s t ages  i n  t h e  l i f e  
.a 

cycle a re  enumerated i n  Fish and Game Fxhibit  11 based on t h e  in- 

formation contained i n  t h e i r  Exhibit  3 .  The key t o  su rv iva l  of 

,young bass, a f t e r  t h e  first  few weeks of l i f e ,  i s  Neomvsis mercedis, 

a small shrimp found i n  t h e  estuary.  Neomysis is  t h e  p r i n c i p a l  food 

source f o r  young s t r i p e d  bass  and numerous o the r  f i s h e s  i n  the  

Delta ( ~ i s h  and Game Exhibit  3, p. 111-2). Pro tec t ion  of t h e  

.' s t r i p e d  bass  f i s h e r y  requ i res  p ro tec t ion  of t h i s  p r i n c i h a l  food 

source. 

An increas ingly  s i g n i f i c a n t  s t r i p e d  bass f i s h e r y  has developed i n  

SWP rese rvo i r s  and canals  south of t h e  Delta. This development i s  

a r e s u l t  of physical  removal of juvenile bass and bass  eggs from 
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the  Delta through t h e  export  pumps, and e x i s t s  ". . .at  t he  

expense of t h e  f i s h e r y  i n  t h e  estuary" (F i sh  and Game Exhibit  

The s t r i p e d  bass  f i s h e r y  i n  the  southern Delta,  south of t h e  head 

of Old River, a t  one time was s i g n i f i c a n t ,  but has  decl ined sub- 

s t a n t i a l l y  due t o  a combination of reduced inf low from the San 

Joaquin River and degraded water q u a l i t y  (RT Vol. XXIII, p. 58). 

Salmon. King salmon a l s o  play an important ro le  i n  the  S t a t e ' s  

commercial and spor t  f i s h e r i e s ,  cont r ibut ing  t o  both the  in land  

and ocean f i s h e r i e s .  Salmon which u t i l i z e  t h e  Del ta  and Suisun 

Marsh account f o r  about 75-8% of t h e  S t a t e ' s  commercial ca tch  

i n  ocean waters, and a r e  valued i n  1975 d o l l a r s  a t  about 7.5 m i l -  

l i o n  d o l l a r s  annually (Fish  and Game Exhibit  3, p. 11-1; RT Vol. 

XXIV, p. 38). 

The king salmon migration p a t t e r n s  i n  the  Bay-Delta es tuary  a r e  

i l l u s t r a t e d  i n  Figure 111-2, based upon Fish  and Game hearing 

testimony ( ~ i s h  and Game Exhibit  3, Chapter 11). The Delta  i s  

the  gateway f o r  a d u l t  king salmon t o  migrate t o  upstream fresh-  

water spawning areas.  Also, the  Del ta  and Suisun Marsh provide - - 

young salmon with a reas  f o r  feeding and gradual  acclimation from 

f r e s h  waters t o  ocean waters. The upper es tuary  i s  important a s  a 

nursery a r e a  f o r  young salmon. F ish  and Game Exhibit 11, r e f l e c t i n g  

these  concerns, recommended s p e c i f i c  Sacramento River flows t o  
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f a c i l i t a t e  upstream and downstream migrations throughout the  year  

(F ish  and Game Exhibit  11, p. 9 ) .  However, an a d d i t i o n a l  concern 

i s  the  poss ib le  adverse e f fec t  on t h e  f i s h e r y  from a l t e r a t i o n s  of 

the  normal Delta hydraulic regime by the  p ro jec t s '  operations. 

These a l t e r a t i o n s  o f t en  r e s u l t  i n  reverse flow i n  main channels i n  

t h e  southern and southwestern Delta which i n t e r f e r e  with salmon 

migration. I n  addi t ion,  t h e  projec. tsV operat ions c r e a t e  high n e t  

v e l o c i t i e s  i n  many Delta  channels which reduce food production and 

cause d i r e c t  f i s h e r y  l o s s e s  a t  the  export  pumps. 

Wildl i fe  

Wildl i fe  i n  t h e  Del ta  and Suisun Marsh i s  an extremely valuable 

n a t u r a l  resource. Testimony presented by various p e r t i e s  a t  the  

Del ta  hearing concentrated on waterfowl i n  the  Del ta  and Suisun 

Marsh, with major emphasis on Marsh waterfowl hab i t a t .  

Suisun Marsh provides h a b i t a t  f o r  some 36 spec ies  of m a m m a l s ,  over 

200 spec-ies of b i rds ,  and 7 species  of r a r e  o r  endangered w i l d l i f e  

( F i s h  and Game Exhibit 3, p. VI-1). Fish and Game, discussing 

pr imar i ly  waterfowl i n  the  h r s h ,  t e s t i f i e d  during t h e  hearing 

- t h a t  management of waterfowl resources l i k e l y  would p ro tec t  o the r  

w i l d l i f e  spec ies  (F i sh  and Game Exhibit  3, p. VI-1)- 

Waterfowl. Suisun Marsh i s  a major +nter ing a rea  f o r  waterfowl 

using the  P a c i f i c  Flyway (RT Vol. X I I ,  pp. 100, 101). The Flyway 

i s  t h e  westernmost migratory route f o r  waterfowl t r a v e l i n g  from 

Alaska and Canada t o  wintering a reas  i n  t h e  United S t a t e s  and 

Mexico. Survival  of waterfowl using the  Flyway depends upon pro- 

t e c t i o n  and management of a l l  wetlands, including Suisun Marsh. 



The Marsh a t  t imes has provided h a b i t a t  f o r  almost 3% of 

Calif  o rn ia l  s waterfowl population. It represents  almost 15% 

of the  remaining n a t u r a l  wetlands i n  the  S t a t e  (USFWS Exhibit  

4, Po 4; F ish  and Game Exhibit  3, pp. VI-1 and VI-2). Tota l  

wetlands i n  Ca l i fo rn ia  were once 5 mi l l ion  acres.  Less than  

1% of t h a t  now remains; thus,  t h e  use and importance of t h e  

Marsh has i n t e n s i f i e d  (uSFWS Exhibit  4, p. 4). Lack of s u f f i -  

c i e n t  winter ing h a b i t a t  i s  the  c r i t i c a l  f a c t o r  a f f e c t i n g  water- 

fowl i n  t h e  P a c i f i c  Flyway (Ca l i fo rn ia  Waterfowl Association 

(CWA) and Suisun Resource Conservation Distrf ic t  (SRCD) Exhibi t  

1, p. 2) .  The importance of t h e  Marsh is f u r t h e r  r e f l e c t e d  i n  

i n t e r n a t i o n a l  w i l d l i f e  t r e a t i e s  between t h e  United S ta tes ,  

Canada, Mexico, and Japan (uSFWS Exhibit  4, p. 4; RT Vol. XXIV, 

p. 59). 

Waterfowl a c t i v i t y  i n  t h e  Marsh i s  seasonal, with peak popula- 

t i o n s  experienced i n  t h e  f a l l .  Average monthly waterfowl popula- 

t i o n s  during t h e  f a l l  genera l ly  vary between 100,000 and 500,000 

b i rds ,  but occasional ly exceed 1,000,000 (F i sh  and Game Exhibit  

3, p. VI-2). Subs tan t i a l  waterfowl o r  w i l d l i f e  a c t i v i t y  a l s o  b. 

e x i s t s  during t h e  remainder of the  year. A recent  study issued - 
by t h e  Bay Conservation and Development Commission (BCDC) indi-  - - 

- 
c a t e s  t h a t  1975 r e c r e a t q  na l  use i n  Suisun Marsh was more than  f 
115,000 person-days, with' over h a l f  d i r e c t l y  associa ted  with 

Marsh waterfowl aspects  (CWA and SRCD Exhibit  1, p. 3 ) .  



Approximately 89% of Suisun Marsh land a r e a  i s  a r t i f i c i a l l y  managed 

a s  a brackish water  marsh. Proper management of wetlands i s  neces- 

sa ry  t o  provide adequate h a b i t a t  f o r  waterfowl. Waterfowl need.  

both l a rge  areas of water and s u f f i c i e n t  food supplies.  The pre- 

f e r r e d  foods i n  Suisun Marsh i n  recent  years  f o r  the  vas t  majori ty  

of types and numbers of t h e  waterfowl population a r e  seeds pro- 

duced from the  p l a n t s  a l k a l i  bulrush, b rass  buttons,  and fa t  hen 

(F i sh  and Game Exhibit  3 ,  pp. VI-4 t o  VI-8). Sustained seed pro- 

duction by these  p l a n t s  a t  t h e i r  h i s t o r i c a l  p o t e n t i a l s  requi res  

pr imari ly  t h a t  t h e  l e v e l  of s a l i n i t y  i n  Marsh s o i l s  not  exceed a 

c e r t a i n  maximum amount. The s o i l  s a l i n i t y  l e v e l s  a r e  con t ro l l ed  

through f looding of Marsh lands with water from adjacent  waternays. 

Consequently, t h e  s a l i n i t y  of t h i s  appl ied water determines t h e  

availability of t h e  Marsh a s  a winter ing a r e a  f o r  migratory waterfowl. 

Export Area Wildlife.  A -benef ic ia l  use of SWP water exported,  

from t h e  Delta is  wi ld l i f e  h a b i t a t  i n  southern Cal i forn ia  

( s t a t e  Water Service Contractors (SWSC) Exhibit  29; RT Vol. 

e X V I I I ,  p. 96). These b e n e f i t s  occur pr imar i ly  a t  s torage reser-  

. v o i r s  of both the SWP and i ts  cont rac tors  south of t h e  Delta 

(Department Exhibit  1 5 A ,  pp. 65-68). Additional w i l d l i f e  benef i t s  - 

a re  experienced i n  t h e  Grasslands Water D i s t r i c t  i n  the  San Joaquin 

Valley, a w i l d l i f e  refuge managed by Fish  and Game- F i f t y  thousand 

acre-feet  of water a r e  de l ivered  annually through the  Delta-Mendota 

Canal t o  t h i s  a rea  under a long-term cont rac t  with the  Bureau 

( ~ u r e a u  Exhibit  64, p. lo ) .  



B. AGRICULTURE 

Delta Agricul ture  

About three-fourths  of the  Del ta  land a rea  (500,000 ac res )  i s  

farmed i n  some manner, producing a wide v a r i e t y  of crops with 

s u b s t a n t i a l  y i e l d s  (Department Exhibit  11-18). S o i l s  i n  the  

Delta f a l l  genera l ly  i n t o  two d i s t i n c t  categories:  organic and 

mineral- s o i l s .  Organic s o i l s  are found genera l ly  i n  the  Del ta  

lowlands which c o n s i s t  of a r e a s  i n  t h e  Delta below an e leva t ion  

of +5 f e e t  mean sea  leve l .  Mineral s o i l s  a r e  found i n  both t h e  

Delta lowlands and uplands. The Delta  -uplands a re  those areas 

i n  t h e  Del ta  above +5 f e e t  mean sea  leve l .  Del ta  management and 

cropping p r a c t i c e s  f o r  organic and mineral  s o i l s  a r e  d i f f e r e n t ,  

and thus  a r e  presented separa te ly  below. 

Organic Soi l s .  Delta organic 

c a l  and chemical breakdown 

s o i l s  

marsh-type 

formed through biologi-  

p l a n t s  and g rasses  t h a t  

ex i s t ed  p r i o r  t o  development of t h e  present  levee system. The 

amount of organic s o i l s  i n  the  Del ta  i s  cons tant ly  being reduced 

due t o  continued decomposition and oxidat ion as a r e s u l t  of both 

n a t u r a l  processes and ongoing farming a c t i v i t i e s .  I n  1941 t h e r e  
C 

were over 250,000 a c r e s  of organic s o i l s  i n  t h e  Delta. By 1976 

t h i s  acreage had been reduced by h a l f  (RT Vol. X I I I ,  p. 23). - 
- - 

The high permeabil i ty  of organic s o i l s  coupled with t h e i r  low 

surface e l eva t ion  with respect  t o  surrounding waterways produce 

high groundwater t a b l e  conditions.  The high groundwater t a b l e  

along with problems associa ted  with uneven decomposition and 



set t lement  of organic s o i l s  make s u b i r r i g a t i o n  a des i rable  

method of water app l i ca t ion  f o r  crop production. - - 

Subi r r iga t ion  is t h e  de l ivery  of water t o  p l a n t  roo t s  

by c a p i l l a r y  a c t i o n  from the  underlying sa tu ra ted  s o i l  s t r a t a ,  
- 

and i s  the  primary method of i r r i g a t i o n  i n  t h e  Del ta  organic 
L 

s o i l s  (RT Vol. XX, pp. 112-115). A s  p rac t i ced  i n  the  Delta, - - 
s u b i r r i g a t i o n  may be t h e  most e f f i c i e n t  i r r i g a t i o n  process i n  . 

Cal i forn ia  from t h e  standpoint of ne t  water consumption (RT Vole 

X I I I ,  pp. 107-108). However, because of s o i l  and crop management 

cons t ra in ts ,  t h i s  form of i r r i g a t i o n  must be t i e d  t o  a winter  
. . 

leaching program t o  remove s a l t s  accumulated i n  the  root  zone 

(RT Vol. X I I I ,  p. 47). The general  a rea  of t h e  Delta sub i r r iga ted  

s o i l s  i s  shown i n  Figure 111-3. 

a . - . . ,  

Mineral Soi l s .  Delta mineral  s o i l s  were formed through deposi t ion 

of s o i l s  and minerals eroded from t h e  S i e r r a  by various streams 

t r i b u t a r y  t o  the  Delta. These s o i l s ,  which a r e  much l e s s  per- 

meable than organic s o i l s ,  genera l ly  a r e  found a t  higher  eleva- 

t i o n s  i n  the  Delta, and a r e  not  a f fec ted  as much by high groundwater 
1 

conditions. Consequently, s u b i r r i g a t i o n  genera l ly  i s  not  necessary 

9 
i n  the  Delta mineral  s o i l s ,  and thus  the  more conventional irri- 

- - 

gat ion  methods a re  u t i l i z e d .  Water i s  appl ied t o  the  sur face  .of 

the  s o i l ,  u sua l ly  through furrows, f lood i r r i g a t i o n ,  o r  spr inklers .  

S o i l  and crop management p r a c t i c e s  a re  much t h e  same a s  i n  many 

o t h e r  a reas  i n  Cal i fornia ,  with leaching of t h e  s o i l s  required and 

.wibh occqsional changes i n  cropping pa t te rns .  
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Delta Cropping Pract ices .  The Department presented d e t a i l e d  

i n f  o m a t i o n  on 1976 l e v e l s  of a g r i c u l t u r a l  production i n  the  

Delta. I n  order  t o  obta in  cropping p a t t e r n s  f o r  the  organic 

and mineral  s o i l s  i n  t h e  Delta, t h e  Department's island-by- 

i s l a n d  information w a s  considered along with information pre- 

sented by t h e  Universi ty  of Ca l i fo rn ia  Cooperative Extension 

a t  t h e  hearing. These cropping p a t t e r n s  a r e  shown i n  Table 111-1. 

A s  i nd ica ted  i n  t h e  t ab le ,  corn i s  the  predominant crop i n  t h e  

organic s o i l s ,  accounting f o r  almost h a l f  of t h e  t o t a l  acreage 

of organic so i l s .  Grain i s  grown on an a d d i t i o n a l  one-fourth of 

t h e  organic s o i l s ,  with asparagus, a l f a l f a ,  and o t h e r  crops ac- 

counting f o r  t h e  remainder. 

I n  the  mineral  s o i l s  g r a i n  i s  grown on about 22% of the  acreage, 

c lose ly  followed by corn on 1%. About 4% of the  t o t a l  acreage 

of mineral  s o i l s  appears t o  be d i s t r i b u t e d  f a i r l y  evenly among 

sugar  beets,  tomatoes, a l f a l f a ,  and mixed pasture.  The remaining 

acreage is i n  miscellaneous crops such as f r u i t s ,  nuts,  beans and 

sorghum. . 

. - 

Agriculture Outside t h e  Delta 

The SWP and CVP export  l a rge  q u a n t i t i e s  of water from the  Delta t o  

the San Joaquin Valley and southern Cal i forn ia  f o r  a g r i c u l t u r a l  

uses. I n  t o t a l  a g r i c u l t u r a l  production, Fresno and Kern Counties 

cons i s t en t ly  rank first and second, respect ively,  i n  the na t ion  



TABLE 111-1 

PREDOMINANT DELTA CROPS, 1976 

Crop 

Corn 

Grain 

Asparagus 

Alfalfa, Sugar Beets, Tomatoes, 
Sorghum, Miscellaneous 

Oraanic S o i l s  

Percent of Organic S o i l s  Acreage 

4.8 

25 

7 

20 

Crop 

Grain 

Mineral S o i l s  

Corn 

Sugar Beets 

Tomatoes 

Al fa l fa  

Mixed Pasture 

F ru i t s ,  Nuts, Beans, Sorghum, 
Miscellaneous 

Percent of Mineral S o i l s  Acreage 

w 
- - 

(Compiled from Department Exhibit  11-18 and U. C. Exhibit  11-51 . 



each year. This por t ion  of t h e  San Joaquin Valley i s  considered 

the  most productive a g r i c u l t u r a l  a rea  i n  t h e  world (RT Vol. 

XXXIV, p. 17).  The San Joaquin Valley u t i l i z e s  water from many 

sources f o r  crop i r r i g a t i o n  including imported Delta suppl ies ,  

l o c a l  surface suppl ies  and groundwater. Accordingly, it i s  dif- 

f i c u l t  t o  a s s ign  a p a r t i c u l a r  acreage t o  the  serv ice  a reas  of 

e i t h e r  pro jec t .  

The following information was presented on the  crop d i v e r s i t y  i n  

SWP serv ice  a reas  (SWSC Ekhibit  1 0 6 ~ ) :  

TABLE 111-2 
Crop v. Acreage Dis t r ibu t ion  

S t a t e  Water Pro jec t  

Crop Percent of Acreage 

F r u i t s ,  Vines, and Nuts 16 

Cotton, Vegetable Crops, F i e l d  Crops, 
Except Grains 

Alfalfa ,  Barley and Other Grains 30 

The SWP a g r i c u l t u r a l  serv ice  area  i s  predominantly i n  the  San Joa- 

quin Valley, but inc ludes  port ions of the  South Bay a rea  and 

southern California.  Figure 111-4 shows t h e  SWP serv ice  a rea  with 
. - 

t he  predominantly a g r i c u l t u r a l  a rea  noted. The maximum annual 

en t i t lements  of SWP a g r i c u l t u r a l  u s e r s  i n  t h e  San Joaquin Valley 

amount t o  1,236,000 acre-feet, with 1977-level en t i t lements  of 

534,000 acre-feet  ( ~ e p a r t m e n t  Exhibit  1 5 A ,  p. 119; SWSC Exhibit  6). 



FIGURE 111-b STATE WATER PROJECT 
EXISTING AND PROJECTED SERVICE AREAS 

- - -  
Location 

Na, Contracting Agency - 
UPPER FEATHER AREA 

1 City of Yuba City 
2 County of Butte 
3 Plumas County Flood Control and Water 

Conservation District 
NORTH BAY AREA 

4 Napa County Flood Control and Water 
Conservation District 

5 Solano County Flood Control and Water 
Conservation District 
SOUTH BAY AREA 

6 Alameda County Flood Control and Water 
Conservation District, Zone 7 

7 Alameda County Water District 
8 Santa Clara Valley Water D is i i c t  

SAN JOAQUIN VALLEY AREA* 
9 County of Kings 

10 Devil's Den Water District 
11 Dudley Ridge Water District 
12 Empire west Side Irrigation District 
13 Hacienda Water District 
14 Kern County Water District 
15 Oak Flat Water District 
16 Tulare Lake Basin Water Storage District 

CEN.TRAL COASTAL AREA 
17 San Luis Obispo County Flood Control and 

- Water Conservation District 

18 Santa Barbara County Flood Control and 
Water Conservation District 
SOUTHERN CALIFORNIA AREA 

19 Antelope Valley-East Kern Water Agency 
20 Castaic Lake Water Agency 
2 1 Coachel la Val ley County Water Agency 
22 Crestline-Lake Arrowhead Water Agency 
23 Desert Water Agency - - 
24 Littlerock Creek Irrigation District . 

25 Mojave Water Agency 
26 Palmdale Water District 
27 San Bernardino Valiey Municipal 

Water District 
28 San Gabriel Valley Municipal Water District 
29 San Gorgonio Pass Water Agency 
30 The Metropolitan Water District of Southern 

California 
31 Ventura County Flood Control District 

* predomin21ntly-agricultura~ . - -  .- 

- - . . . - 
111-f6 ' 

(From SWSC Exhibit 1, p. 2, and DWR Exhibit 15A) 



Water exported from t h e  Delta by CVP f a c i l i t i e s  i s  used i n  the  

Delta-Mendota Canal serv ice  area,  the  Cross-Valley Canal serv ice  

area,  and the  San Luis Unit of the  CVP. The San Luis Unit has 

an i r r i g a b l e  acreage of more than 550,000 a c r e s  along the  west 

s i d e  of t h e  San Joaquin Valley. It. comprises' land within the  

Westlands, San Luis, and Panoche Water D i s t r i c t s  (RT Vol. XVII, 

pp. '156, 169). Westlands Water D i s t r i c t  accounts f o r  most of the  

t o t a l  San Luis Unit acreage (RT Vol. XVII, p. 156, and Westlands 

Water D i s t r i c t  Exhibit  11-3). A wide v a r i e t y  of crops a r e  grown 

i n  the  D i s t r i c t  ( R T  Vol. X V I I ,  pp. 174-175, and Westlands Water 

D i s t r i c t  Exhibi ts  5A, TB, 5C,  5D, 5E, 5F, 6 ) .  The CVP se rv ice  

a reas  a r e  shown on Figure 111-5, and include both e x i s t i n g  and pro- 

jected senvice a reas  as we l l  a s  a reas  served by l o c a l  supplies.  Under 

i t s  e x i s t i n g  long-term cont rac ts ,  t he  CVP w i l l  export  from t h e  Delta 

t o  the  San Joaquin Valley up t o  2,750,000 acre-feet  annually 

(Bureau Exhibit  59) ,  which i s  predominantly f o r  a g r i c u l t u r a l  uses. 

C o  MUNICIPAL AND INDUSTRIAL 

There a r e  s i g n i f i c a n t  municipal and i n d u s t r i a l  uses  of Del ta  

waters both i n  the  Delta and i n  a reas  outs ide of the  Delta. The 
I 

export a reas  from the  Delta  include por t ions  of Alameda, Contra 

8 Costa, Solano and Santa Clara Counties, po r t ions  of t h e  San Joa- - - 
quin Valley, and major metropolitan a reas  i n  southern Cal i forn ia  

( Department Exhibit  1 5 A ,  pp. 128-131). Future proposed export  

serv ice  a reas  include San Luis Obispo, Santa Barbara and Napa 

Counties, and a d d i t i o n a l  a reas  i n  Solano County. 



FIGURE 111-5 

CENTRAL VALLEY PROJECT 
EXISTING AND PROJECTED SERVICE AREAS 

R N A R  0 I N 0  

--- 2 - - -  

R I V L R S ' D ~  

LY d m h  (FROM USBR EXHIBIT 63, 
MAP NO. 214-208-6133) 



I n  addi t ion,  emergency suppl ies  were furnished t o  many municipal 

and i n d u s t r i a l  u s e r s  i n  t h e  San Francisco Bay a r e a  during 1977 

t o  augment l o c a l  suppl ies  depleted by the  -1976-77 drought. 

Figure 111-6 shows t h e  loca t ions  of s i g n i f i c a n t  water  supply in takes  

f o r  municipal and i n d u s t r i a l ' u s e s  i n  t h e  Del ta  and Suisun Marsh. 

Each of these  diversions i s  discussed below. 

Contra Costa Canal Intakes:  Rock Slough and Mallard Slough 

The Contra Costa Canal provides water f o r  about 240,000 people 

throughout e a s t e r n  and c e n t r a l  Contra c o s t a  County, and a l s o  serves  

a l a rge  number of important i n d u s t r i e s  throughout t h a t  a rea  (RT 

Vol. XVI, pp. 161-163). The Canal i s  a u n i t  of the  f e d e r a l  CVP, 

but i s  operated by the  Contra Costa County Water D i s t r i c t  (CCCWD) 

There is y e a r r o u n d  demand f o r  water from t h e  Contra Costa Canal. 

Most of t h i s  water is d ive r t ed  i n t o  the  Canal a t  Rock Slough under 

a long-term cont rac t  f o r  CVP water. Also, during periods of high 

freshwater  Delta outflow when channel s a l i n i t i e s  a r e  s u i t a b l e  f o r  

d domestic and i n d u s t r i a l  consumption, water i s  withdrawn under a 

CCCWD appropriat ive water r i g h t  from Mallard Slough genera l ly  when 
- chloride concentrat ions a r e  l e s s  than  100 ppm (RT Vol. XVI ,  p. - 1 6 ~ )  . - 

The a rea  served by the  Canal inc ludes  a por t ion  of the  l e g a l  Del ta  

as wel l  as a reas  outs ide the  Delta t o  the  west. Some of the  in- 

d u s t r i e s  served by the  Canal a l s o  d i v e r t  water d i r e c t l y  from the  

San Joaquin River, but r e l y  on Canal water whenever r i v e r  s a l i n i t i e s  



FIGURE 111-6 

SIGNIFICANT MUNICIPAL and INDUSTRIAL INTAKES g 

.Sacramento=San Joaquin Delta and Suisun Marsh 

1. Mallard Slough (CCCWD) 
2 City of Antioch 
3. Crown Zellerbach Corporation 
4. Fibreboard Corporation 
5. Contra Coda Canal Intake, Rock Slough 
6. Clifton Court Forebay (SWP) 
7. Tracy Pumping Plant (CVP) 
8. City of Vallejo Intake, Cache Slough 

STATE WATER RESOURCES CONTROL BOARD 



become too  high (RT Vol. XVI,  pp. 164, 165). The c i t y  of Antioch 

a l s o  u t i l i z e s  a separate  water supply in take  when favorable  s a l i n i t y  

condi t ions prevai l .  Many o the r  i n d u s t r i e s  depend on the  Contra 

Costa Canal a s  t h e i r  s o l e  water supply. 

I n  order  t o  s u s t a i n  municipal and i n d u s t r i a l  b e n e f i c i a l  uses  

within t h e  Canal serv ice  area,  s a l i n i t y  l e v e l s  must be maintained 

below prescr ibed l i m i t s  (CCCWD Exhibit  5, 6, 7). O f  s p e c i a l  con- 

cern i s  t h e  adverse e f f e c t  on i n d u s t r i a l  production as s a l i n i t y  

increases  i n  the  water supply above s p e c i f i c  c r i t i c a l  l e v e l s  (RT 

Vol. XVI,  pp. 184-197). Also, the  paramount uses  of municipal 

and domestic dr inking water suppl ies  must be pro tec ted  (RT Vole 

Paper Klls i n  V i c i n i t y  of  Antioch 

The Fibreboard and Crown Zellerbach Corporations both operate paper 

mills which a re  loca ted  about one mile e a s t  of the  City of Antioch, 

abut t ing  t h e  San Joaquin River and within the  Delta. While both 

m i l l s  a r e  served by the  Contra Costa Canal, each has separa te  

f a c i l i t i e s  f o r  d i r e c t  d ivers ion  from the  San Joaquin River ( R T  V 4 1 .  

X V I I ,  pp. 76-77, 136). Combined employment f o r  both m i l l s  i s  about 

- rl 1600 people (RT Vol. X V I I ,  pp. 76, 135) .  The importance of these  - - 

i n d u s t r i e s  t o  the  l o c a l  economy i s  grea t ,  with a combined annual 

p a y r o l l  of around $28,000,000 (RT V O ~ .  XVII, pp. 76-, 135) 

Additional economic e f f e c t s  a r e  d i r e c t l y  associa ted  with gross  pro- 

duction of t h e  m i l l s ,  and support se rv ices  required from o the r  l o c a l  ' 

i n d u s t r i e s  and services .  



Much of t h e  production a t  both m i l l s  c o n s i s t s  of sa l t - sens i t ive  

paper grades. With normal manufacturing processes, t h i s  produc- 

t i o n  requ i res  a water supply with chlor ide  concentrat ion of 150 

ppm o r  l e s s  (RT Vol. X V I I ,  pp. 77, 137). Thus, low c h l o r i n i t y  

water  i s  e s s e n t i a l  f o r  t h e i r  processes (RT Vol. X V I I ,  pp. 72-106, 

13 1-147) 

C l i f t o n  Court ~ o r e b a y / ~ a l i f o r n i a  Aqueduct (SWP) 

Cl i f ton  Court Forebay i s  the  d ivers ion  poin t  f o r  t h e  SWP Ca l i fo rn ia  

Aqueduct, which d e l i v e r s  water t o  municipal and indus t  r i a l  se rv ice  

a reas  i n  t h e  San Francisco Bay Area, the  San Joaquin Valley, and 

southern Ca l i fo rn ia  ( a g r i c u l t u r a l  d e l i v e r i e s  through such f a c i l i -  

t i e s  a r e  discussed i n  t h e  preceding sec t ion) .  I n  t h e  fu ture ,  water  

a l s o  may be de l ivered  t o  municipal and i n d u s t r i a l  u s e r s  i n  the  Cen- 

tral Coastal  area,  cons i s t ing  of por t ions  of San Luis Obispo and 

Santa Barbara Counties. The 1978-level water  ent i t lements ,  maxi- 

mum annual en t i t lements  under long-term cont rac ts ,  and 1975 popu- 

l a t i o n  i n  t h e  SWP se rv ice  a reas  a r e  l i s t e d  i n  Table 111-3 (SWSC 

Exhibit  6; SWSC Exhibi t  1, p. 7; Department Exhibi t  1 5 A ,  pp. 118-121). 

I n  add i t ion  t o  domestic, municipal and i n d u s t r i a l  uses, these  sup- 

p l i e s  a r e  used f o r  r e l a t e d  groundwater replenishment (SWSC Exhibit  , _ 
- - 

29; RT Vol. X V I I I ,  pp. 121, 122, 133; RT Vol. X X X I I I ,  pp. 129, 130). 

Control of land  subsidence and groundwater s a l i n i t y  i n t r u s i o n  i s  an 

add i t iona l  r e l a t e d  benef i t  i n  the  SWP South Bay se rv ice  area  (RT 

vole  X V I I I ,  p. 143; RT Vol. X X X I I I ,  pp. 134, 14.0, 14.1). Compliance 



TABLE 111-3 

S t a t e  Water Pro jec t  

Municipal and I n d u s t r i a l  Entit lements t o  Water 
and Service Area P o ~ u l a t i o n s  

1978-Level Long- Maximum Long- 
Term Contracted Term Contracted 1975 POPU- 
Annual Ent i t le -  Annual En t i t l e -  l a t i o n  of 

Service Area ments, A C - F t / ~ r  ments, A C - ~ t / Y r  Service Area L/ 

North Bay 0 v  63,000 1,751,000 

South Bay 13 1,000 188,000 

Central  
Coast 

San Joaquin 64,000 
Valley 

Southern 1 , 0 6 1 , 0 0 d  
Cal i forn ia  

Tota l  

These es t imates  represent  the t o t a l  population i n  the  respect ive  

se rv ice  areas ,  and a r e  not  intended t o  r e f l e c t  the  a c t u a l  popu- 

l a t i o n  served by SWP supplies.  

3 
P r i o r  t o  1980 non-project water w i l l  be de l ivered  from outside 

. - ,  of the  Del ta  a r e a  pumped through an in ter fm f a c i l i t y .  

2/ Includes small amount of water used f o r  a g r i c u l t u r a l  purposes. 



with water q u a l i t y  s tandards i n  the  Water Q u a l i t y  Control Plan 

f o r  t h e  Santa Ana River Basin  a as in 8 Plan) depends on avai l -  

a b i l i t y  of good q u a l i t y  (low s a l i n i t y )  SWP water f o r  municipal 

and i n d u s t r i a l  uses  and f o r  groundwater recharge (RT v o l e  X X X I ,  

pp. 1-3). Economic value of SWP water f o r  municipal and indus- 

t r i a l  uses  ranges from $500 t o  $800 p e r  acre-foot (SWSC Exhibit  

106K; RT Vol. ICXXII, pp. 56-79). 

Tracv Puxnpine: Plant/~elta-Mendota Canal ( C V P ~  

The Tracy Pumping Plant ,  l oca ted  i n  t h e  southern Del ta  near  C l i f -  

ton  Court Forebay, i s  t h e  d ivers ion  po in t  f o r  the  f e d e r a l  CVP Delta- 

Mendota Canal. Municipal and i n d u s t r i a l  u s e r s  served by t h i s  

d ivers ion  through t h e  San Luis Divis ion of t h e  Ca l i fo rn ia  Aqueduct 

( j o i n t  federa l -s ta te  f a c i l i t y )  include those i n  the  Cross-Valley 

Canal se rv ice  a rea  i n  t h e  southern San Joaquin Valley as wel l  as 

a few municipal and i n d u s t r i a l  u s e r s  i n  the  western por t ion  of the  

Valley. Through t h e  Cross-Valley Canal, up t o  128,000 acre-feet  

of water p e r  yea r  w i l l  be de l ivered  f o r  a multi tude of uses,  in- 

cluding municipal and i n d u s t r i a l  supp l i e s  ( ~ u r e a u  Exhibit  64, p. 

10; RT Vol. V I I I ,  p. 166). The municipal and i n d u s t r i a l  u s e r s  i n  
C 

t he  western San Joaquin Valley have a maximum con t rac t  en t i t lement  

of 27,500 acre-feet  p e r  year  ( ~ u r e a u  Exhibit  64, p. 10) .  Water - 

q u a l i t y  needs of these  export  uses  a r e  spec i f i ed  i n  the  con t rac t s  

f o r  water  de l ivered  through t h e  Tracy Pumping Plant.  

Also, municipal and i n d u s t r i a l  d e l i v e r i e s  of 216,000 acre-feet  p e r  



y e a r  through t h e  Delta-Mendota Canal a r e  planned by the  Bureau 

f o r  the  San Fel ipe  Unit. I n  addi t ion,  a por t ion  of the  650,000 

acre-feet  p e r  year  which would be de l ivered  through the'as-yet- 

unauthorized Mid-Valley Canal would be used f o r  municipal and 

i n d u s t r i a l  purposes (Bureau Exhibit  64, p. 10; RT Vol. V I I I ,  pp. 

166, 167). 

Ci ty of Val le jo  and C i t y  of Antioch In takes  

No s u b s t a n t i a l  testimony was presented regarding e i t h e r  of these  

two municipal water intakes.  However, both in takes  were included 

i n  t h e  Board staff 's t r i a l  objec t ives  ( S t a f f  Exhibit  3 ,  p. 18). 

Antioch has used i t s  in take  only when water q u a l i t y  has been ade- 

quate, genera l ly  i n  the  winter  and through t h e  spr ing  of most yea r s  

(RT Vol. XVI,  pp. 164, 165). The Ci ty  of Val le jo  Intake i s  loca ted  

on Cache Slough i n  t h e  northern por t ion  of t h e  Delta, and probably 

i s  inf luenced much more under the  current  configurat ion of t h e  

Delta by Sacramento River water q u a l i t y  and l o c a l  a g r i c u l t u r a l  

drainage than  by t h e  e f f e c t s  of s a l i n i t y  in t rus ion .  This in take  

provides a y e a r r o u n d  supply of municipal and i n d u s t r i a l  water t o  

t h e  City of Vallejo. 



CHAPTER IV 

, HISTOECAL WATER QUALITY STANDARDS 

Water q u a l i t y  s tandards a r e  l i m i t s  o r  l e v e l s  of water q u a l i t y  

cons t i tuen t s  which a r e  e s t ab l i shed  f o r  t h e  reasonable p ro tec t ion  

of s p e c i f i c  b e n e f i c i a l  uses  of water. Even though b e n e f i c i a l  uses  

of Delta suppl ies  have been wel l  e s t ab l i shed  f o r  some time, water 

q u a l i t y  s tandards , f o r  t h i s  important water body have been 

pe r iod ica l ly  reviewed and modified t o  r e f l e c t  t h e  current  knowledge. 

A* PAST PROCEEDINGS 

The Board has  previously e s t ab l i shed  water q u a l i t y  s tandards through 

water q u a l i t y  con t ro l  p lans  and water r i g h t  decisions.  A b r i e f  

chronology of those ac t ions  is presented below. A s  previously 

noted, the  current  proceeding marks t h e  first time f o r  the  Delta 

t h a t  the  Board's water q u a l i t y  and water r i g h t  a u t h o r i t i e s  have 

been s o  c lose ly  integrated.  

Decision D 1275 (water  ~ i n h t s )  

The development of comprehensive water q u a l i t y  s tandards f o r  the  
7 

Delta began with t h e  so-called November 19, 1965 c r i t e r i a .  These 

rn c r i t e r i a  were developed by a group cons i s t ing  of representa t ives  
- - 

of t h e  Sacramento River and Delta Water Association, the  San Joa- 

quin Water Rights Committee, the  Department and t h e  Bureau. The 

c r i t e r i a  have had a continuing inf luence on subsequent development 

of water q u a l i t y  standards. The S t a t e  Water Rights Board i n  



v Decision D 1275, t h e  p r i n c i p a l  water  r i g h t  dec is ion  on t h e  SWP 

adopted May 31, 1967, ordered t h a t  t h e  permits  f o r  t h e  SWP be 

sub jec t  t o  t h e  November 19, 1965 c r i t e r i a  ( r e f e r r e d  t o  i n  

Decision D 1275 as SRllWA Exhibit  17) i n s o f a r  as those c r i t e r i a  

d i d  not c o n f l i c t  with o the r  terms inc luded ' in  ' the permits. The 4 

Board a l s o  included i n  Decision D 1275 a l i m i t a t i o n  on pumping - I 
from t h e  Del ta  and on c o l l e c t i n g  water  t o  s torage i n ' o r o v i l l e  . 
Reservoir under c e r t a i n  condi t ions  of water qual i ty .  These pump- 

ing l imi ta t ions ,  however, were modified by Decision D 1291 on 

1967 Water Q u a l i t y  Control -Policv (water  Qualitv) 

  he Federal  Water Po l lu t ion  Control Act as amended by t h e  Water . 

Quali ty  Act of 1965 provided i n  Sect ion  1 0 ( c ) ( l )  t h a t  by June 30, 

1967 each s t a t e  w a s  t o  e s t a b l i s h  water q u a l i t y  c r i t e r i a  appl icable  

t o  i n t e r s t a t e  waters o r  por t ions  thereof  wi th in  t h e  s t a t e .  Con- 

s i s t e n t  with the  requirements of t h i s  l e g i s l a t i o n ,  t h e  Board's 

predecessor agency, t h e  S t a t e  Water Quality Control Board, on June 

23, 1967, t ransmi t ted  t o  t h e  Secre tary  of t h e  I n t e r i o r  a statement 

of po l i cy  f o r  the  con t ro l  of water  q u a l i t y  i n  Ca l i fo rn ia ' s  in t e r -  
F 

s t a t e  m t e r s  including those of the  Sacramento-San Joaquin Delta  

The p r i n c i p a l  water r i g h t  decis ion on the  CVP, Decision D. 990 . 
adopted on February 9, 1961, does not include any water  q u a l i t y  - 

. s tandards.  However, the  Water Rights Board i n  t h i s  dec is ion  
( a s  i n  o t h e r  decis ions on t h e  CVP and SWP) reserved jur i sd ic-  
t i o n  t o  e s t a b l i s h  permit terms and condit ions f o r  s a l i n i t y  
con t ro l  i n  t h e  Delta. 



and S u i h  Marsh. On July 19, 1968, the federa l  government expressed ..- 

concern tha t  the water qual i ty  control  policy f o r  the Delta did 

not adequately protect  municipal, indus t r ia l ,  agr icu l tura l  and 

f i shery  uses and proposed some supplemental water qual i ty  ob jec- 

t i v e s  f o r  chloride and t o t a l  dissolved so l ids  concentrations. 

Following receipt  of the federa l  comments and an addi t ional  hearing 

on the water control  policy f o r  the Delta on October 24, 1968, the 

Board adopted a supplemental water qual i ty  control  policy f o r  the 

Delta through i ts  Resolution 68-17. By l e t t e r  of January 9, 1969, 

the  Secretary of the I n t e r i o r  not i f ied  the Board t h a t  he had ap- 

proved the s t a t e  water qual i ty  standards even though they f a i l e d  

t o  s a t i s f y  the recommendation of the federal  government regarding 

the spawning of s t r iped  bass and the municipal, i ndus t r i a l  and 

agr icu l tura l  water uses of the western par t  of the Delta. The 

Secretary indicated tha t  h i s  approval was  taken i n  rel iance upon 

the commitment from the Board t o  conduct public hearings.- during - 

1969 and t o  consider before June 30, 1970 the matter of supplement- 

ing the s a l i n i t y  standards. 

Decision 1379 (water Rights) 
Y 

- - 
I n  accordance with the commitment made i n  Resolution 68-17, a. 

hearing was i n i t i a t e d  on July 22, 1969, and continued with inter-  

mittent  recesses u n t i l  October 5, 1970.. Based on t h a t  hearing 

record, the Board issued Decision 1379 on July 28, 1971. Minor 

modifications i n  t h i s  decision were made by the Board by supple- 
. . 



mentary orders  dated September 16 and October 13, 1971. This 

dec is ion  es t ab l i shed  new water q u a l i t y  requirements f o r  t h e  Delta 

and Suisun Marsh and rescinded those i n  Decision D-1275. However, 

Decision 1379 has been s tayed by the  c o u f i s  s ince  October 1971 a s  

a r e s u l t  of l i t i g a t i o n  o r i g i n a l l y  i n s t i t u t e d  by t h e  Central  Valley 
C 

East Side Pro jec t  Association and t h e  Kern County Water Agency t o  
* .  

s e t  as ide  t h e  decision. I n  July 1974, t h e  Federal  D i s t r i c t  Court 

defer red  any f u r t h e r  a c t i o n  on these  cases  pending a f i n a l  dec is ion  

i n  Ca l i fo rn ia  United S ta tes ,  a case i n  which the  p r i n c i p a l  i s s u e  

is t h e  j u r i s d i c t i o n  of the  s t a t e  t o  condi t ion water r i g h t s  of 

f e d e r a l  p r o j e c t s . g  Due t o  t h e  cour t  order  s t ay ing  implementation 

of Decision 13 79, t h e  Decision D-1275 requirements remained i n  e f f e c t .  

In te r im Water Qualitv Control Plan (water  ~ u a l i t v )  

I n  1971, in te r im water  q u a l i t y  con t ro l  p lans  f o r  t h e  16 planning 

bas ins  comprising t h e  s t a t e ,  including the  Del ta  and Suisun Marsh, 

were adopted by t h e  respect ive  Regional Water Quality Control Boards 

and approved by t h e  S t a t e  Water Resources Control Board. The adop- 

t i o n  of t h e  in ter im plans  marked t h e  completion of the  f i r s t  phase 

of a comprehensive statewide planning e f f o r t  which culminated i n  

t h e  adoption of t h e  bas in  plans,  discussed below. I 

Supplement t o  1967 Water Qualitv Control Pol icv (Water ~ u a l i t y )  a - 
- - 

The Regional Administrator of t h e  Environmental Pro tec t ion  Agency 

i n  a l e t t e r  dated August 15, 1972, c a l l e d  the  Board's a t t e n t i o n  t o  

On Ju ly  3 ,  1978, the  United S t a t e s  Supreme Court, i ssued  i t s  
decis ion  i n  Cal i forn ia  United S t a t e s  upholding the  p o s i t i o n  
of t h e  S t a t e  t h a t  s t a t e  imposed condit ions on permits  i s sued  
f o r  f e d e r a l  reclamation p r o j e c t s  a r e  v a l i d  unless  incons i s t en t  
with congressional d i r e c t i v e s  respect ing  t h e  pro jec ts .  



t he  f a c t  t h a t  the re  were considerat ions outstanding from t h e  condi- 

t i o n a l  approval previously received from the  f e d e r a l  government. 

I n  response t o  t h a t  l e t t e r ,  the  Board held a hearing on proposed 

supplemental water q u a l i t y  objec t ives  f o r  the  Delta and on Apr i l  

19, 1973, by Resolution No. 73-16 adopted "Water ~ u a l i t ~  Control 

Plan Supplementing S t a t e  Water Quality Control P o l i c i e s  f o r  

Sacramento-San Joaquin Delta. 

Basin Plans (Water ~ u a l i t v )  

I n  l i n e  with the  r e s p o n s i b i l i t y  of t h e  S t a t e  and Regional Boards 

and i n  compliance with the  provis ions of Public Law 92-500, com- 

prehensive water q u a l i t y  con t ro l  plans have been developed f o r  the  

16 bas ins  comprising t h e  s t a t e .  The Delta  and Suisun Marsh a r e  in- 

cluded i n  t h e  water q u a l i t y  con t ro l  p lans  f o r  the  Sacramento-San 

Joaquin Delta  Basin  a as in 5B Plan) and t h e  San Francisco Bay Basin 

(Basin 2 . ~ l a n ) ,  respect ively.  The Basin 2 Plan was approved by 

Board Resolution 75-28 on Apr i l  17, 1975, and amendments t o  it 

were approved by Board Resolution 76-61 on June 17, 1976. The 

Basin 5~ Plan w a s  approved by Board Resolution 75-80 on Aumst 21. 
- 

1975. The long-term standards contained i n  these  bas in  plans 

. a re  summarized i n  Appendix B of t h i s  p lan  ( t h e  water q u a l i t y  - - 

standards i n  D-1275 were incorporated i n t o  t h e  Basin 5B Plan, .  

except f o r  t h e  opera t ional  cons t ra in t  a t  Blind po in t ) .  

IV- 5 



* 
Because of the  unprecedented drought during 1976-77, t h e  Board 

found. it necessary t o  take two separa te  emergency a c t i o n s  during 

1977 t o  mi t iga te  t h e  impact of the  drought on b e n e f i c i a l  uses  of 

Delta water throughout t h e  s t a t e .  By Resolution No. 77-6, on 

February 8, 1977, the  Board adopted a 1977 ( in ter im)  Water Q u a l i t y  

Control Plan f o r  t h e  Delta and Suisun Marsh. This p lan  was in- 

tended t o  remain i n  e f f e c t  only u n t i l  t he  end of calendar  y e a r  

1977 and during t h a t  per iod was t o  supersede t h e  bas in  p lans  t o  

. t h e  extent  of any c o n f l i c t s  with spec i f i c  water  q u a l i t y  standards. 

However, prompted by t h e  increased s e v e r i t y  of t h e  drought, t h e  

Board found it necessary t o  take f u r t h e r  emergency measures t o  

conserve water supp l i e s  upstream of t h e  Del ta  and t o  provide con- 

t inued p ro tec t ion  of the  Del ta  from deep .seawater in t rus ion .  Ac- 

cordingly, on June 2, 1977, the  Board adopted an emergency =&la- 

t ion ,  Sect ion 764.20 of T i t l e  23 of t h e  Ca l i fo rn ia  Administrative 

Code and extended it through ca lendar  yea r  1978 on December 15,  

1977. This  emergency regula t ion  w a s  t o  be i n  e f f e c t  no longer  than  

necessary t o  p r o t e c t  t h e  Delta. I n  view of s u b s t a n t i a l  improvements . - - 
i n  t h e  water supply s i t u a t i o n  and Delta  recovery from s a l i n i t y  

in t rus ion ,  t h e  Board repealed t h e  emergency regula t ion  February 



B. EVOLUTION OF DELTA OUTFLOW REQUIREDENT 

A s  described i n  Chapter 11, benef ic i a l  uses  of Delta water sup- 

p l i e s  a re  dependent upon adequate outflow of f reshwater  t o  r e p e l  

seawater i n t r u s i o n  and t o  provide s u i t a b l e  h a b i t a t  f o r  f i s h  and 

wi ld l i fe .  Delta water q u a l i t y  s tandards e s t ab l i shed  t o  p r o t e c t  

these  uses  have a l l  recognized the  need t o  maintain s u f f i c i e n t  

Delta outflow even under the  most adverse water supply conditions.  

However, n e t  outflow from t h e  Delta  i s  not d i r e c t l y  measured a t  present  

due t o  t h e  complex e f f e c t s  of t i d a l  f l u c t u a t i o n  and flow pat te rns .  

I n  an e f f o r t  t o  provide a common base f o r  operat ion of SWP and 

CVP f a c i l i t i e s ,  t h e  Department and Bureau have j o i n t l y  e s t ab l i shed  

a Delta Outflow Index. 2/ 

The Delta outflows thought necessary t o  ensure the  maintenance of 

s p e c i f i c  s a l i n i t y  l e v e l s  throughout t h e  Delta have changed over 

the  l a s t  two decades. Experience i n  implementing s p e c i f i c  s a l i n i t y  

requirements and major improvements i n  mathematical models of t h e  

Del ta  have brought about b e t t e r  es t imates  of outflow needs t o  s a t i s f y  

p a r t i c u l a r  s a l i n i t y  l e v e l s  i n  t h e  Delta. This evolut ion i s  i l l u s -  - 

-, t r a t e d  below by t r a c i n g  the  minimum Delta  outflow which w a s  thought 

Del ta  Outflow Index i s  a ca lcu la ted  ne t  Del ta  outflow which i s  
equal  t o  (1)  Delta inf low through the  major t r i b u t a r i e s ,  minus 
(2)  n e t  Del ta  consumptive use, minus ( 3 )  SWP and CVP export  
pumping. The inf low and export  values a re  measured, while the  
consumptive use f i g u r e s  a re  f ixed  i n  an Apr i l  9, 1969 federal-  
s t a t e  agreement ( ~ u r e a u  Exhibit  576 i n  the  proceeding leading 
t o  Decision 1379 and an October 10, 1969 Bureau memorandum t o  
t h e  Department). 



t o  be needed t o  s a t i s f y  t h e  water q u a l i t y  s tandard a t  Emmaton 

on the  Sacramento River. 

The b a t o n  s tandard w a s  i n i t i a l l y  presented i n  t h e  November 19, 

1965 c r i t e r i a  f o r  t h e  -pro tec t ion  of western Delta  chahnels from L 

seawater in t rus ion .  It requ i res  a maximum 10-day mean (14-day mean a 

i n  t h e  Basin 5B Plan) d a i l y  chlor ide  concentrat ion of 1000 mg/ l .  

Past  s t u d i e s  by the  Department and Bureau have genera l ly  used t h i s  

standard; i n  determining t h e  minimum Delta  outflow requirement. 1J 
Estimates of t h i s  outflow requirement have increased over time as 

understanding of f low s a l i n i t y  r e l a t ionsh ips  i n  t h e  Del ta  has  ex- 

panded. 

I n  1964 t h e  Interagency Delta  c o m m i t t e a  concluded t h a t  an out- 

f low of 1500 c f s  would be required t o  s a t i s f y  t h i s  s a l i n i t y  l e v e l  

a t  -ton. However, i n  1966 t h e  Department presented informa- 

t i o n  a t  the  hearing leading t o  Decision D 1275 which s e t  t h e  Delta 

4 d  This w a s  the  case u n t i l  August 1975 when the  Board approved t h e  
Basin 5B Plan which contained t h e  Chipps Is lands tandard  f o r  
p ro tec t ion  of Neomvsis. This objec t ive  provides a maximum 14- - 
day running average chlor ide  concentrat ion of 4000 mg/ l ,  which 
genera l ly  r equ i res  somewhat more outflow than t h a t  needed t o  c 

meet t h e  Emmaton object ive.  
- - 

The Interagency Delta  Committee was a committee composed of 
representa t ives  from t h e  U.S. Army Corps of Engineers, Bureau 
and Department with the  t a s k  of evaluat ing various water  de- 
velopment p lans  f o r  the  Delta. 

Draft of Task Force Report t o  t h e  Interagency Delta  Committee 
on a coordinated plan f o r  the  Sacramento-San Joaquin Delta, 
1964, p. IV-3. 



outflow necessary t o  meet t h i s  same s a l i n i t y  l e v e l  a t  1800 c f s  

( D  1275, Depertment Exhibit  81, p. 27). 

Information presented by t h e  Department during the  current  Del ta  

proceeding i n  i ts Exhibit  5B i n d i c a t e s  t h a t  2500 c f s  would be re- 

quired a s  Del ta  outflow t o  meet t h e  Emmaton s tandard ( ~ e p a r t m e n t  

Exhibit  7B; RT Vol. V I I ,  p. 171). I/ 

The water q u a l i t y  s tandards e s t ab l i shed  t o  p ro tec t  b e n e f i c i a l  

uses  i n  t h e  Delta a r e  not the  only f a c t o r s  a f f e c t i n g  Delta  outflow. 

When water i s  being exported, s u f f i c i e n t  Delta outflow must be 

provided t o  prevent i n t r u s i o n  of s a l i n e  water a t  t h e  export  pumps. 

This outflow required t o  meet export  con t rac tua l  water q u a l i t y  

c r i t e r i a  is  c a l l e d  I1carriage water. Under con t ro l l ed  f low con- 

d i t ions ,  t h e  car r iage  water requirement of the  p r o j e c t s  i s  govern- 

ing  much of the  time. 

When p ro jec t  exports  a r e  g r e a t e r  than  about 4000 cfs ,  and Delta  inf low 

i s  low, Sacramento River water is  drawn around t h e  western end of t h e  

Del ta  - and back up t h e  San Joaquin River t o  t h e  export  pumps. The export  

water becomes more s a l i n e  due t o  seawater i n t r u s i o n  a s  it approaches 

the  western Delta. I n  o rde r  t o  meet export  q u a l i t y  c r i t e r i a  unde-r - 

cont ro l led  flow conditions,  the  p r o j e c t s  must increase  the  Del ta  

Recent s t u d i e s  by Department s t a f f  ind ica te  t h a t  outflows i n  
excess of 3000 c f s  may be required t o  meet the  same standard 
a t  Emmaton. 



outflow t o  s a t i s f y  t h e  ca r r i age  water requirements when expor ts  

exceed 4000 cfs .  For instance,  i n  order  t o  s a t i s f y  t h e  SWP q u a l i t y  

requirements a t  i t s  export  pumps, a Delta outflow i n  excess of 

6000 c f s  might be required during the  spr ing  of dry years  when 

t h e  p r o j e c t s  a r e  export ing a t  t h e i r  cur rent  f u l l  'capacity.  

Even though es t imates  of outflow necessary t o  s a t i s f y  t h e  Emmaton 

s tandard have increased, t h e  es t imates  of car r iage  water  required 

t o  s a t i s f y  export  water q u a l i t y  have increased proport ionately.  

Thus, now as i n  t h e  pas t ,  t h e  ca r r i age  water needs of t h e  p r o j e c t s  

a re  genera l ly  con t ro l l ing  Del ta  outflow ( see  Chapter I11 of t h e  E I R  

f o r  a discussion on car r iage  water requirements of export  p r o j e c t  

f a c i l i t i e s )  . 
Contrary t o  a common b e l i e f ,  p a s t  inc reases  i n  est imated Delta 

outflow requirements have not  occurred s o l e l y  as a r e s u l t  of more 

r e s t r i c t i v e  water  q u a l i t y  s t andards , -bu t  a l s o  as a r e s u l t  of b e t t e r  

understanding of outf low/sal ini ty  r e l a t ionsh ips  i n  the  Delta,  in- 

cluding t h e  g r e a t  q u a n t i t i e s  of outflow necessary t o  p r o t e c t  the  

export  operations.  
" 

PRESENT PROCEEDING 

I n  approving the Basin 5B Plan, t h e  Board indica ted  t h a t  it would 

convene hearings on the  Del ta  no l a t e r  than Ju ly  1, 1978 f o r  t h e  

purpose of receiving f u r t h e r  evidence r e l a t i n g  t o  s a l i n i t y  cont ro l ,  

p ro tec t ion  of f i s h  and w i l d l i f e  i n  t h e  Delta, and coordinat ion of 

terms and condit ions of the  permits of t h e  SWP and CVP. 



CHAPTER V 

ALTERNATIVES FOR PROTECTION OF BENEFICIAL USES 

The most important phase i n  the  formulation of water q u a l i t y  stand- 

a r d s  i s  t h e  ana lys i s  of a l t e r n a t i v e  approaches f o r  the  p ro tec t ion  

of b e n e f i c i a l  uses. It i s  both a s t a t e  and f e d e r a l  requirement t h a t  

a l t e r n a t i v e s  t o  a proposed a c t i o n  be inves t iga ted  where such ac t ion  

has t h e  p o t e n t i a l  t o  a f f e c t  s i g n i f i c a n t l y  the  q u a l i t y  of t h e  human 

environment (Sect ion  21001 of Cal i forn ia  Environmental Act of 1969). 

An objec t ive  evaluat ion of a l t e r n a t i v e  so lu t ions  o r  ac t ions  i s  re- 

quired i n  order  not t o  overlook o r  forec lose  opt ions which could 

p ro tec t  b e n e f i c i a l  uses  while a t  the  same time minimizing t h e  impact 

on p r o j e c t  operations. This ana lys i s  forms t h e  b a s i s  f o r  the  selec- 

t i o n  and refinement of recommended act ions.  

This chapter  presents  a  discussion of t h e  var ious a l t e r n a t i v e s  con- 

s idered  and the.procedure used i n  the  s e l e c t i o n  and refinement of 

the  adopted water q u a l i t y  standards. 

I n  accordance with t h e  j u r i s d i c t i o n  reserved i n  t h e  permits of the  SWP 
- 

and CVP, t h e  purpose of t h i s  water q u a l i t y  con t ro l  plan i s  t o  pro- 
* 

vide water q u a l i t y  limits f o r  s a l i n i t y  con t ro l  and f o r  p ro tec t ion  " - - 
of f i s h  and w i l d l i f e ,  and t o  coordinate terms and condit ions of the  - 
various SWP and CVP permits cu r ren t ly  before t h e  Board. The water 

q u a l i t y  s tandards e s t ab l i shed  by t h e  Board under t h i s  reserved 

j u r i s d i c t i o n  a r e  d i rec ted  toward condit ions expected t o  p r e v a i l  



over the  next t e n  years. However, poss ib le  longer  term so lu t ions  

f o r  a l l  t h e  major water q u a l i t y  problems i n  the  Del ta  and Suisun 

Marsh have been kept i n  s igh t ,  and the  Board's p lan  contains  the 

necessary i n i t i a l  s t e p s  f o r  t h e i r  long-term resolut ion.  

A s  previously discussed i n  Chapter 111, b e n e f i c i a l  uses  i n  t h e  Del ta  - 
* 

a r e  c l a s s i f i e d  i n t o  t h r e e  categories:  f i s h  and w i l d l i f e ,  agr icul&re,  

and municipal and i n d u s t r i a l .  . The p lan  e s t a b l i s h e s  water q u a l i t y  

s tandards f o r  each of these  ca tegor ies  t o  ensure t h a t  reasonable 

pro tec t ion  i s  provided t o  each of these  uses  i n  i t s  own r igh t .  The 

s tandards a r e  e s t ab l i shed  f o r  d i f f e r e n t  yea r  types,  i n  accordance 

with t h e  n a t u r a l  hydrologic regime of t h e  Delta. 

A. TRIAL SET OF WATER QUALITY OBJECTIVES 

On March 15, 1977, a t r i a l  s e t  of water q u a l i t y  ob jec t ives  f o r  the  

th ree  ca tegor ies  of uses  w a s  t ransmi t ted  by t h e  Board s t a f f  t o  a l l  , 

i n t e r e s t e d  p a r t i e s  t o  help focus t h e  Phase I1 hearing. A s  explained 

i n  the  staff t r a n s m i t t a l ,  t h e  t r i a l  ob jec t ives  were developed from 

information gathered s o l e l y  during Phase I of the  hearing and d id  

not r e f l e c t  t h e  considerat ion and t r a d e  o f f  of f a c t o r s  presented - 
during Phase 11. 4 

A s  i n  t h e  current  conceptual a l t e r n a t i v e s  presented below, con- .. 
sumptive and non-consumptive uses  were genera l ly  d is t inguished 

i n  the  development of t h e  t r i a l  s e t  of object ives .  The t r i a l  

objec t ives  f o r  f i s h  and w i l d l i f e  (non-consumptive uses) were es- 

s e n t i a l l y  those contained i n  t h e  Apr i l  12, 1977 d r a f t  of t h e  



Four-Agency Fish and Wild l i fe  Agreement (F i sh  and Game Exhibit  

11). This bas ic  approach has been re t a ined  a s  one of the  con- 

ceptua l  a l t e r n a t i v e s  f o r  f i s h  and w i l d l i f e  presented below. 

The t r i a l  objec t ives  f o r  a g r i c u l t u r e  and municipal and i n d u s t r i a l  

uses  (consumptive uses) r e f l e c t e d  t h e  l e v e l  of p ro tec t ion  which 

would have been ava i l ab le  under pre-pro j e c t  condi t ions ( 1922-1944). 

However, as many p a r t i e s  pointed out, water q u a l i t y  s tandards 

based on pre-project  condi t ions would require  t h e  SWP and CVP t o  

o f f s e t  increased upstream deplet ions,  unre la ted  t o  p ro jec t  opera- 

t ions ,  which have occurred s ince  1944 t o  t h e  extent  such upstream 

deple t ions  in f r inge  upon Delta r i p a r i a n  r igh t s .  The t r i a l  stand- 

a r d s  thus  would require  the  p r o j e c t s  t o  provide water q u a l i t y  

l e v e l s  s i g n i f i c a n t l y  b e t t e r  than condit ions which would p r e v a i l  i n  

the  absence of the  pro jec ts .  Consequently, the  s t a f f  t r i a l  objec- 

t i v e s  f o r  consumptive uses  have been replaced by conceptual a l te rna-  

t i v e s  t o  r e f l e c t  without p r o j e c t  condi t ions a t  1980 l e v e l  of 

depletions.  

- 
B. CONCEPTUAL ALTERNATIVES 

Conceptual a l t e r n a t i v e s  have been developed t o  r e f l e c t  a  broad range .. 
of poss ib le  l e v e l s  of p ro tec t ion  f o r  each category of use. Generally, 

a t  l e a s t  th ree  bas ic  a l t e r n a t i v e s  have been considered f o r  each of 

the th ree  broad b e n e f i c i a l  use categories:  



o No Action. I n  accordance with Sect ion 15143 of t h e  

CEQA Guidelines, t h e  s p e c i f i c  a l t e r n a t i v e  of "no ac t ionw 

must be evaluated. If t h e  Board took no ac t ion ,  t h e  

e x i s t i n g  bas in  p lans  (Basins 5B and 2) and Decision 

D-1275, as amended by D-1291, would be cont ro l l ing .  

o Without P ro jec t  Conditions/Preservation - of Fish  

and Wild l i fe  a t  H i s t o r i c a l  Levels. Under t h i s  bas ic  

approach, p ro tec t ion  of consumptive uses  i n  the  Del ta  

would provide only t h a t  water q u a l i t y  which would have 

ex i s t ed  i n  'the absence of t h e  SWP and CVP, as l i m i t e d  

by the  c o n s t i t u t i o n a l  requirement of reasonable b e n e f i c i a l  

use. The comparable a l t e r n a t i v e  f o r  f i s h  and w i l d l i f e  . 
would provide necessary p ro tec t ion  t o  maintain t h e  resource 

a t  h i s t o r i c a l  l e v e l s  which e x i s t e d  between 1922 and 1967. 

( see  Sect ion C of t h i s  chapter) .  

o Modified Without Proeject Condi%ions/Interim Protec t ion  

of F ish  and Wildlife.  Under t h i s  bas ic  approach, the  e n t i t l e -  

ment of Delta water u s e r s  would be s a t i s f i e d  by providing 

water q u a l i t y  condi t ions which would r e s u l t  i n  b e n e f i t s  b e t t e r  

than  o r  equivalent  t o  without p r o j e c t  conditions.  Hydro- - 
l og ic  condi t ions i n  t h e  Del ta  have been s u b s t a n t i a l l y  a l t e r e d  

* 

- - 
by both p r o j e c t  operat ions and upstream development. This - 

conceptual a l t e r n a t i v e  takes  i n t o  account both the  b e n e f i c i a l  

and adverse aspects  of p r o j e c t  operations.  Fishery resources, 

a s  represented p r i n c i p a l l y  by s t r i p e d  bass, would be maintained 

a t  l e v e l s  approximating without p r o j e c t  conditions.  Wildl i fe  

resources i n  the  Marsh would be provided increas ing  l e v e l s  of 

in te r im pro tec t ion  u n t i l  f u l l  p ro tec t ion  i s  achieved i n  1984. 



The s p e c i f i c  app l i ca t ion  of these bas ic  approaches t o  each broad 
.. . 

b e n e f i c i a l  u s e  category i s  presented below. Shown i n  Appendix C 

of t h i s  p lan  t abu la t ion  these conceptual approaches. 

C FISH AND WILDLIFE 

To date  f i s h  and w i l d l i f e  uses  have not been granted vested water 

r i g h t s  under Cal i forn ia  water law. However, many s t a t u t e s  assure 

t h a t  these  uses  s h a l l  be. pro tec ted  f o r  the  publ ic  i n t e r e s t .  For 

many yea r s  water r i g h t  permits i ssued  by t h e  Board have included 

condition3 t o  p ro tec t  f i s h  and wi ld l i f e .  A s  previously s t a t e d ,  

the  basin p lans  recognize uses  of water f o r  f i s h  and w i l d l i f e  a s  

b e n e f i c i a l  uses. The Board's au thor i ty  t o  p ro tec t  f i s h  and wild- 

l i f e  i s  expressly s t a t e d  i n  var ious sec t ions  of the  Water Code 

and pol icy  statements previously c i ted .  

The question i s  a t  what population l e v e l  t h i s  resource should be 

protected.  The pos i t ion  of Fish and Game i s  t h a t  the  f i s h  and 

wi ld l i f e  resource should be preserved a t  "recent h i s t o r i c a l  levels" ,  

here in  c a l l e d  h i s t o r i c a l  l eve l s ,  on a long-term basis .  These l e v e l s  

a re  defined by Fish and Game (Fish and Game Exhibit  11) a s  t h e  

average abundance of a f i s h  o r  w i l d l i f e  resource estimated t o  have 
- 

ex i s t ed  between 1922 and 1967. Conditions upstream of t h e  es tuary  

may l i m i t  t he  abundance of some species.  F ish  and Game's pol icy  
* 

- - 

deals  only with those f a c t o r s  i n  the  es tuary  t h a t  l i m i t  spec ies  

abundance. However, Fish and Game recognizes t h ~  t u n t i l  add i t iona l  

p r o j e c t  f a c i l i t i e s  a r e  constructed,  h i s t o r i c a l  l e v e l s  cannot be 

achieved ( ~ i s h  and Game Exhibit 11, p. 4). Furthermore, f i s h  

and w i l d l i f e  possess n a t u r a l  reproduction mechanisms which 



al low them t o  recover from drought and low flow conditions,  much 

l i k e  o the r  b e n e f i c i a l  uses. The objec t ive  of F ish  and Game i s  t o  

share good a s  wel l  a s  poor water suppl ies  along with o t h e r  bene- 

f i c i a l  uses. 

No Action - - 
If t h e  Board took no act ion,  t h e  f i s h  and w i l d l i f e  s tandard of t h e  

bas in  p lans  (5B and 2) would be cont ro l l ing .  Unlike the  s tandards 

f o r  a g r i c u l t u r a l  and municipal and i n d u s t r i a l  uses,  the  bas in  plan 

f i s h  and w i l d l i f e  s tandards do not  include any provis ions  f o r  re- 

l axa t ion  during dry and c r i t i c a l  years. 

Preservat ion 

Maintenance of h i s t o r i c a l  l e v e l s  of t h e  f i s h  and w i l d l i f e  resource 

i s  e s s e n t i a l l y  equivalent  t o  preserva t ion  of the  resource. With 

e x i s t i n g  p r o j e c t  f a c i l i t i e s ,  p ro tec t ion  of Suisun Marsh could be 

provided only through Delta  outflow. I n  excess of 18,000 cubic 

f e e t  p e r  second ( c f s )  of Del ta  outflow, along with s u b s t a n t i a l  

curtai lment  of exports,  would be required from May through Ju ly  

of normal yea r s  t o  p r o t e c t  s t r i p e d  bass  a t  h i s t o r i c a l  l eve l s .  - 

Four-Agency Fish  and Wild l i fe  Agreement (F ish  and Game Exhibit  11) - 
- - 

Protec t ion  under t h i s  a l t e r n a t i v e  i s  intended t o  maintain 

f i s h  and w i l d l i f e  resources on t h e  average a t  h i s t o r i c a l  

l e v e l s  ( a s  i n  the  preserva t ion  a l t e r n a t i v e ) ,  but recognizes 

t h a t  h i s t o r i c a l  l e v e l s  cannot r e a l i s t i c a l l y  be maintained with 

e x i s t i n g  p ro jec t  f a c i l i t i e s  and p r o j e c t  demsnds. I n  view of 



t h i s ,  t h i s  - a l t e rna t ive  provides in te r im water  q u a l i t y  s tandards 

t o  maintain f i s h  and w i l d l i f e  on t h e  average a t  l e s s  than h i s t o r i -  

c a l  l e v e l s ' u n t i l  a d d i t i o n a l  p ro jec t  f a c i l i t i e s  a r e  constructed. 

However, these  in te r im standards w i l l  not  be s u f f i c i e n t  t o  pro- 

t e c t  the  Marsh during dry and c r i t i c a l  years. I n  order  t o  f u l l y  

p r o t e c t  t h e  Marsh s o l e l y  with outflow, i n  excess of 2 mil l ion  acre- 

f e e t  p e r  yea r  of Delta outflow ( i n  terms of p r o j e c t  ~ i e l d )  above 

t h a t  needed t o  s a t i s f y  the  in ter im standards would be required 

(RT Vol. X X I I ,  pp. 100-101). This would c o n s t i t u t e  about one-third 

of the  combined CVP 'and S W  exportable y ie ld .  An a d d i t i o n a l  2 mi l l ion  

acre-feet  of Del ta  outflow i n  dry and c r i t i c a l  years  f o r  t h i s  purpose 

i s  not  cons i s t en t  with the  b e s t  i n t e r e s t  of t h e  Sta te .  The long- 

term pro tec t ion  f o r  the  Marsh i n  low runoff years  can be guaranteed 

only through cons t ruc t ion  of phys ica l  f a c i l i t i e s ,  proper management 

of the  Marsh lands and a supplemental supply. 

D. AGRICULTURE 

The current  Del ta  water q u a l i t y  s tandards f o r  t h e  p ro tec t ion  of 

a g r i c u l t u r a l  uses  a r e  e s s e n t i a l l y  t h e  November 19th  c r i t e r i a  ( see - 
discussion on page I V - 1 ) .  These s tandards a r e  contained i n  

r _ Decision D 1275 and t h e  Basin 5B Plan. - - 

No Action 

Under t h i s  a l t e r n a t i v e ,  t h e  a g r i c u l t u r a l  s tandards i n  Decision 

D 1275 and the  Basin 5B Plan would remain i n  e f fec t .  These stand- 

3 r d ~  represent  numbers t h a t  have not been changed s u b s t a n t i a l l y  

f o r  over 12 years. 



Evidence introduced during t h e  course of t h i s  proceeding has 

r a i sed  considerable doubt a s  t o  t h e  adequacy of these  s tandards 

t o  p r o t e c t  a g r i c u l t u r e  i n  the  Delta. Since the  adoption of t h e  

Basin Plan, a g r i c u l t u r a l  uses  have been under an umbrella of pro- 

t e c t i o n  provided by the  f i s h  and w i l d l i f e  s tandards The 

r e l a t i v e l y  h igher  flows required t o  meet the  f i s h  and w i l d l i f e  

s tandards have kept s a l i n i t y  l e v e l s  i n  t h e  Del ta  genera l ly  f a r  

below the  l e v e l s  of t h e  a g r i c u l t u r a l  s tandards This i n c i d e n t a l  

pro tec t ion ,  however, would no longer  be ava i l ab le  under t h e  

approach suggested i n  the  d r a f t  Four-Agency Fish Agreement. 

Without P ro jec t  Conditions 

Under the  without p r o j e c t  a l t e r n a t i v e ,  the  l e v e l  of p ro tec t ion  pro- 

vided Delta a g r i c u l t u r a l  uses  would be t h a t  which would have been 

ava i l ab le  t o  t h e  Delta i n  t h e  absence of t h e  pro jec ts .  Without 

p ro jec t  condi t ions have been determined i n  terms of t h e  number of 

days t h a t  water of s u i t a b l e  q u a l i t y  would be ava i l ab le  a t  var ious - 
po in t s  of d ivers ion  throughout t h e  Delta based on ca lcu la ted  c ondi- 

t i o n s  which would occur without t h e  pro jec ts .  - 
* - 

The water u t i l i z e d  by the  p l a n t s  i s  t h a t  i n  the  root  zone. The 

q u a l i t y  of t h i s  water i s  i n  e f f e c t  a composite of the  q u a l i t y  of 

a l l  water appl ied during t h e  i r r i g a t i o n  season. I n  view of t h i s ,  

water q u a l i t y  standards under th i s  a l t e r n a t i v e  represent  an 



average of without p ro jec t  water q u a l i t y  condi t ions over the  major 

por t ion  of t h e  i r r i g a t i o n  season ( ~ p r i l  1 t o  August 15). This 

average r e f l e c t s  t h e  number of days t h a t  c e r t a i n  water q u a l i t y  

l e v e l s  would be experienced. 

The water q u a l i t y  s t a n d a r d s ,  f o r  ag r i cu l tu re  would be s e t  a t  l e v e l s  

necessary t o  prevent any infringement 0.n Del ta  vested water r i g h t s  

by the  pro jec ts .  t h e  ex ten t  Delta a g r i c u l t u r a l  vested 

r i g h t s  would be measured by reasonable b e n e f i c i a l  use, not  t o  ex- 

ceed flows which would have reached t h e  Del ta  had t h e  SWP and f e d e r a l  

CVP not  been b u i l t ,  t ak ing  i n t o  accoimt current  upstream uses  under 

vested r igh t s .  

It should be noted t h a t  upstream r i p a r i a n  uses  have not  changed 

appreciably s ince  1930. Also, f o r  t h e  c r i t i c a l  ~ u l y / ~ u g u s t  period, 

the  Board has not  i ssued  any appropriat ive permits s ince  1955. 

Thus, even though Delta p ro tec t ion  would be subjec t  t o  non-project 

cur rent  upstream uses, these  uses  i n  the  low flow season have not 

undergone much change over t h e  last  .20 years. 

Modified Without Pro jec t  Conditions 

v Under t h i s  a l t e r n a t i v e ,  t h e  flow requirements t o  meet water q u a l i t y  
- - 

standards imposed on the  p r o j e c t s  would be e s s e n t i a l l y  equivalent  

t o  without p r o j e c t  outflow requirements. 



The bas ic  d i f ference  between t h e  modified without p r o j e c t  a l t e r -  

na t ive  and t h e  without p r o j e c t  a l t e r n a t i v e  i s  the  manner i n  which 

p ro tec t ion  i s  provided. A s  previously s t a t e d ,  t h e  without p r o j e c t  

a l t e r n a t i v e  i s  an average from Apr i l  1 through August 15 of water 

q u a l i t y  condi t ions which would have been ava i l ab le  i n  the  absence 

of t h e  pro jec ts .  The modified without p r o j e c t  a l t e r n a t i v e  would 

provide genera l ly  g r e a t e r  p ro tec t ion  of a g r i c u l t u r a l  uses  e a r l y  

i n  t h e  i r r i g a t i o n  season, and l e s s  p ro tec t ion  i n  t h e  l a t e r  por- 

t i o n  of t h e  i r r i g a t i o n  season. The weighted average of these  

water q u a l i t y  condi t ions would be t h e  same under both a l t e r n a t i v e s .  

It i s  a n t i c i p a t e d  t h a t  the  impacts of both these  a l t e r n a t i v e s  w i l l  

be nearly i d e n t i c a l  i n  terms of crop y ie ld .  However, the  modified 

without p r o j e c t  a l t e r n a t i v e  which provides b e t t e r  water q u a l i t y  

e a r l y  i n  the  i r r i g a t i o n  season may provide b e t t e r  p ro tec t ion  of 

seedl ings  and young p l a n t s  and might provide b e t t e r  o v e r a l l  pro- 

t e c t i o n  t o  Del ta  agr icul ture .  Although t h i s  a l t e r n a t i v e  i s  bel ieved 

t o  be more benef i c i a l  t o  Delta ag r i cu l tu re ,  the  poss ib le  b e n e f i t s  

a r e  not  cu r ren t ly  quan t i f i ab le  i n  terms of crop y ie ld .  

Speci f ic  Areal Al terna t ives  

The general  conceptual a l t e r n a t i v e s  presented above do not lend - 
themselves t o  resolving water  q u a l i t y  problems i n  c e r t a i n  a reas  

of t h e  Delta. This i s  espec ia l ly  t r u e  i n  t h e  extreme western - - - 
Delta  and the  southern Delta. I n  view of t h i s ,  s p e c i f i c  altekna- 

t i v e s  have been developed t o  resolve t h e  s p e c i a l  problems encountered 

i n  these  areas.  

Western Delta. The general  conceptual approaches a r e  designed t o  

provide s p e c i f i c  l e v e l s  of p ro tec t ion  t o  Del ta  ag r i cu l tu re .  If 

the  present  a g r i c u l t u r a l  uses  on Sherman Is land,  Je r sey  Is land,  



Hotchkiss Tract and o ther  i s l a n d s  i n  the  western Delta a re  t o  be 

continued, the  water ava i l ab le  t o  them must be s u i t a b l e  f o r  irri- 

gation. Under t h i s  a l t e r n a t i v e ,  p ro jec t  operators  would have t h e  

option of s a t i s f y i n g  in-channel q u a l i t y  requirements through sub- 

s t i t u t e  suppl ies ,  cons is ten t  with Sect ion 12202 of the  Delta Pro- 

t e c t i o n  Act. If t h e  p r o j e c t  operators  e l e c t  t o  provide a  s u b s t i t u t e  

supply i n  l i e u  of meeting p a r t i c u l a r  water q u a l i t y  standards,  r/ 

no added f i n a n c i a l  burden would be placed on Delta i n t e r e s t s ?  

If t h e  p r o j e c t  operators  and Delta i n t e r e s t s  agree on water supply 

q u a l i t i e s  b e t t e r  than t h e i r  respect ive vested water r igh t s ,  such 

agreement and compensation f o r  benef i t s  der ived therefrom would 

be a  mat ter  t o  be resolved by the  p a r t i e s  themselves and not  by 

the  Board s o  long as the  c a p a b i l i t y  of the  p r o j e c t s  t o  meet water 

q u a l i t y  s tandards i s  not  jeopardized. 

Southern Delta. An implementable so lu t ion  f o r  the  southern Delta 

has eluded t h e  b e s t  e f f o r t s  of responsible i u b l i c  agencies f o r  wel l  

over twenty years. P r i o r  t o  19.44 water q u a l i t y  i n  the  southern 

Delta was s u i t a b l e  f o r  a g r i c u l t u r a l  uses. Upstream deplet ions and 
w 

water q u a l i t y  degradation of t h e  San Joaquin River and i t s  t r ibu-  
- 

t a r i e s  have g r e a t l y  reduced the  flows and q u a l i t y  ava i l ab le  f o r  -. 
. . 

pro tec t ion  of t h e  southern Delta. 

See discussion on Page VII-20 of t h i s  p lan  regarding s u b s t i t u t e  
suppl ies  f o r  t h e  western Delta. 



Riparians r i g h t s  ( tak ing  i n t o  account upstream divers ions  by o t h e r  

r ipa r i ans )  would be genera l ly  s u f f i c i e n t  t o  s a t i s f y  water q u a l i t y  

needs of a g r i c u l t u r a l  u s e r s  i n  the southern Delta  without regard 

t o  hydrologic yea r  type. However, the permi ts  of water develop- 

ment f a c i l i t i e s  i n  t h e  San Joaquin River watershed, ' including those " - 

of t h e  ~ u r e a u q  which may be major con t r ibu to r s  t o  southern Delta - - 
q u a l i t y  and quant i ty  d e t e r i o r a t i o n  a r e  not before t h e  Board, nor  

has any j u r i s d i c t i o n  been reserved i n  those permits t o  amend o r  

supplement terms and condit ions there in .  Notwithstanding t h i s ,  

t he  permits do provide t h a t  such appropr ia t ions  a r e  sub jec t  t o  

p r i o r  vested r igh t s .  

The d i r e c t  e f f e c t s  of SWP and CVP d ivers ions  covered by permits  

cu r ren t ly  before t h e  Board do not r e s u l t  i n  major impact on water 

q u a l i t y  condi t ions i n  the  southern Delta. It is  questionable whether 

t h e  Board could j u s t i f y  imposing terms and condit ions i n  t h e  permits 

before the  Board t o  resolve a l l  of the  water  q u a l i t y  problems i n  

t h i s  area. 

Thus, it would appear t h a t  the  Board's vested water r i g h t  au thor i ty  
w 

through which terms and condit ions a re  imposed i n  water r i g h t  per- 

m i t s  w i l l  not y i e l d  an implementable so lu t ion  based on a  considera- * - 
- - 

t i o n  only of p r o j e c t  f a c i l i t i e s  on the  Sacramento River system and 

the  Delta. 

Under t h i s  s p e c i f i c  a r e a l  a l t e r n a t i v e ,  water q u a l i t y  s tandards f o r  

the  southern Delta would be es t ab l i shed  through the  Board's water 

The SWP has no f a c i l i t i e s  on the  San Joaquin River system. 
Also, i n  add i t ion  t o  t h e  New Melones P ro jec t  on the  S tan i s l aus  
River, t h e  CVP has  t h e  F r i a n t  P ro jec t  on t h e  San Joaquin River 
where t h a t  r i v e r  accounts f o r  l e s s  than 30 percent  of the  un- 
impaired Delta inf lows from t h e  San Joaquin River Basin. 



q u a l i t y  con t ro l  authori ty .  The l e v e l  of p ro tec t ion  provided agr i -  

c u l t u r a l  uses  i n  t h e  southern Delta would be s e t  t o  s a t i s f y  r i p a r i a n  

r ights .  Implementation of these s tandards . could be achieved. through 

the  Board's broad enforcement authori ty .  A s  previously indica ted ,  . 

a l l  of t h e  water r i g h t  permits f o r  the  San Joaquin River Basin up- 

stream of t h e  Delta include a paramount provis ion t h a t  appropr ia t ions  

under these  Board ent i t lements  a r e  subjec t  t o  p r i o r  vested r ights .  

E* MUNICIPAL AND INDUSTRIAL 

Water supply f o r  human consumption has long been considered t h e  

highest  use of water. Water q u a l i t y  s tandards developed f o r  such 

uses  must ensure t h a t  those suppl ies  a re  potable  and do not  en- 

danger human l i v e s  o r  health.  Thus, the  s tandards f o r  municipal 

and domestic suppl ies  developed f o r  each of t h e  a l t e r n a t i v e s  pre- 

sented below have been es tab l i shed  a t  necessary l e v e l s  t o  f u l l y  

p ro tec t  these  uses. 

No Action 

The Basin 5B Plan s tandards f o r  municipal and i n d u s t r i a l  uses  

would be con t ro l l ing  i f  t h e  Board took no act ion.  Municipal and - 
i n d u s t r i a l  s tandards have been es tab l i shed  a t  th ree  loca t ions  i n  . 

- .A t he  Delta: Antioch, Rock Slough and City of Val le jo  In take  a t  - - 

Cache Slough. 

The Antioch s tandard includes a  terminat ion provis ion which would 

void the  s tandard upon a  determination by the  Board t h a t  adequate 



s u b s t i t u t e  suppl ies  a r e  ava i l ab le  t o  a l l  e x i s t i n g  municipal and in- 

d u s t r i a l  u s e r s  i n  t h e  Antioch and P i t t s b u r g  areas.  During the  

hearing, t h e  Department requested t h a t  the  Board make such a deter-  

mination on t h e  b a s i s  t h a t  an adequate s u b s t i t u t e  supply is avai l -  - - 
ab le  t o  those u s e r s  through t h e  Contra Costa Canal. 

The Rock Slough s t andard .  provides t h a t  t h e  chlor ide  concentrat ion 

never exceed 250 m g / l  and a l s o  t h a t  it s t a y  below 100 mg/l a t  l e a s t  

65 percent  of t h e  year. Basical ly ,  t h i s  s tandard r e f l e c t s  average 

water q u a l i t y  condi t ions t h a t  occurred a t  Rock Slough beginning 

with t h e  operat ion of Shasta  Reservoir i n  1945 and continuing t o  

1966. On t h e  b a s i s  of 1976 and 1977 conditions,  it i s  un l ike ly  

t h a t  t h e  100 m g / l  ch lor ide  l i m i t  could be met by the  p r o j e c t s  f o r  

t h e  required per iod  during dry and c r i t i c a l  years. 

The Citv of Valle.jo In take  s tandard p r o t e c t s  the  export  uses  of 

the  Ci ty  of Vallejo. Seawater i n t r u s i o n  does not appear t o  have 

a f fec ted  water  q u a l i t y  s i g n i f i c a n t l y  i n  the  v i c i n i t y  of Cache Slough, 

even during 1977 hydrological  conditions.  
- 

Public ~ n t e r e s t h i t h o u t  P ro jec t  Conditions .. - 
- - 

Under t h i s  a l t e r n a t i v e ,  p ro tec t ion  of municipal and domestic uses  

would be provided under t h e  Board's publ ic  i n t e r e s t  au thor i ty .  The 

p r i n c i p a l  b a s i s  of water q u a l i t y  s tandards f o r  municipal water 



supply would be the p ro tec t ion  of publ ic  health.  The s tandards for 

drinking water contained i n  the proposed secondary dr inking water 

s tandards of the  Environmental Pro tec t ion  Agency developed under the  

"Safe Drinking Water Actm and the  Cal i forn ia  S t a t e  Department of Health 

c r i t e r i a  ( sec t ion  64473 of T i t l e  22, Ca l i fo rn ia  Administrative Code) 

would be followed. The quest ion of compensation f o r  b e n e f i t s  received 

by v i r t u e  of t h e  operation of p r o j e c t  f a c i l i t i e s  i s  l e f t  f o r  r e so lu t ion  

by t h e  p r o j e c t  operators  and munic ipa l i t i e s  involved. 

The l e v e l  of p ro tec t ion  f o r  indus t r i e s ,  on the  o the r  hand, would 

be based on the  Board's vested water r i g h t  authori ty .  A s  i n  t h e  

case of a g r i c u l t u r a l  suppl ies ,  i n d u s t r i e s  would be provided a t  

l e a s t  t h a t  q u a l i t y  of water which they  would have received i n  the  

absence of t h e  pro jec ts .  

Municipal uses  a r e  g r e a t l y  enhanced i n  terms of t a s t e  and s u i t -  

a b i l i t y  f o r  landscape watering by water q u a l i t y  l e v e l s  b e t t e r  than 

the  publ ic  hea l th  standards. The U. C. Guidelines f o r  p ro tec t ion  

of chlor ide-sensi t ive vegetat ion and CCCWD Exhibit  17  ind ica te  

t h a t  t a s t e  s u i t a b i l i t y  and landscape watering uses  could be pro- - 

t e c t e d  a t  t h e  150 m g / l  ch lor ide  l i m i t .  It i s  proposed t h a t  muni- 

- A c i p a l  u s e r s  be provided t h i s  higher  l e v e l  of p ro tec t ion  t o  t h e  - - 

extent  t h a t  such q u a l i t y  would have been ava i l ab le  t o  them i n ' t h e  

absence of t h e  pro jec ts .  

Under t h i s  a l t e r n a t i v e ,  water q u a l i t y  s tandards f o r  municipal and 

i n d u s t r i a l  uses  i n  t h e  v i c i n i t y  of Antioch would be es t ab l i shed  t o  



ensure t h e  necessary water q u a l i t y  offshore of Antioch. 

Subs t i tu te  Supplies  

A s  previously s t a t ed ,  municipal and i n d u s t r i a l  use r s  i n  t h e  v i c i n i t y  
* 

of Antioch have adequate s u b s t i t u t e  suppl ies  ava i l ab le  through the  
.. 

Contra Costa Canal. Under t h i s  a l t e r n a t i v e ,  offshore water q u a l i t y  b. 

i n  the  v i c i n i t y  of Antioch would not  be protected.  The l e v e l  of 

p ro tec t ion  provided municipal supp l i e s  a t  Rock Slough under t h e  

Board's publ ic  i n t e r e s t  a u t h o r i t y  would be i d e n t i c a l  t o  t h a t  of 

t h e  previous a l t e rna t ive .  The i n d u s t r i a l  s tandards would be based 

on providing a s u b s t i t u t e  water supply through the  Contra Costa 

Canal equivalent  t o  that which would have been ava i l ab le  offshore 

a t  Antioch. 

Modified Without P ro jec t  Conditions 

Under t h i s  a l t e r n a t i v e ,  t h e  number of days that t h e  150 mg/ l  

ch lor ide  l e v e l  is  provided a t  Rock Slough would be permit ted t o  

vary with hydrologic condi t ions experienced. However, the  chlor ide  

l e v e l  would never be allowed t o  go above t h a t  required f o r  publ ic  

health.  This a l t e r n a t i v e  may provide long-term pro tec t ion  f o r  in- 

d u s t r i a l  uses  comparable t o  t h a t  of t h e  s u b s t i t u t e  supply approach 

presented above. 

F. SELECTION PROCESS 

The ind iv idua l  conceptual a l t e r n a t i v e s  out l ined  above have been . 
so r t ed  i n t o  a l t e r n a t i v e  p lans  which include a complete s e t  of stand- 

a r d s  covering a l l  b e n e f i c i a l  uses  i n  t h e  Delta and Suisun Marsh. 



Each a l t e r n e t i v e  s t r a t e g y  r e f l e c t s  the  same genera l  l e v e l  of 

p ro tec t ion  t o  b e n e f i c i a l  uses. 

See Chapter I V  of t h e  E I R  f o r  a  f u l l  discussion of t h e  impacts 

of these  s t r a t e g i e s  on p r o j e c t  operat ions and t h e  environment. 

Based on t h e  ana lys i s  contained i n  the  EIR,  t h e  degree of pro- 

t e c t i o n  provided by each a l t e r n a t i v e  s t r a t e g y  and i t s  impact 

on p ro jec t  operat ions can be compared. The water q u a l i t y  

s tandards s e t  f o r t h  i n  Chapter VI of t h i s  plan were se lec ted  

from such comparative ana lys i s  of r e s u l t i n g  b e n e f i t s  and 

detriments. 



CHAPTER V I  

WATER QUALITY STANDARDS - 

The water q u a l i t y  s tandards-  s e t  f o r t h  i n  t h i s  chapter  a r e  the  

r e s u l t  of a f u l l  examination of a g r i c u l t u r a l ,  municipal and in- 

d u s t r i a l ,  and f i s h  and w i l d l i f e  uses  i n  the  Delta;  t h e  b e n e f i c i a l  

uses  of water exported from the  Delta; and ava i l ab le  Del ta  sup- 

p l i e s ,  regulated and otherwise. Af te r  a n a l y s i s  of t h e  major 

a l t e r n a t i v e s  out l ined  above and t h e  impacts of each ou t l ined  i n  

t h e  EIR, t h e  following water' q u a l i t y  s tandards a re  adopted. - 

A* FISH AND WILDLIFE 

The f i s h  and w i l d l i f e  s tandards contained here in  a r e  those 

recommended t o  the  Board by Fish and Game ( ~ i s h  and Game Exhibit  

1 1 ) u  with minor modifications explained below. The Department 

i n  i t s  c los ing  b r i e f  endorsed t h e  Fish  and Game recommendations. 

The s tandards we r e  developed through extensive negot ia t ions  

mong the  Department, ~ u r e a u ,  F ish  and Game and U. S. F ish  and 

Wildl i fe  Service. However, these agencies have not y e t  executed 

an agreement. - 

- .A . The Fish  and Game recommendations a r e  based on maintenance of - - 

f i s h  and w i l d l i f e  resources on t h e  average a t  recent  h i s t o r i c a l  

l e v e l s  ( 1922-1967g but  recognize t h a t  these  l e v e l s  cannot be 

Apr i l  12, 1977 d r a f t  of the  so-called Four-Agency Fish  
Agreement. 

1/ Conditions upstream of the  es tuary  may l i m i t  the  abundance 
of some species.  This recommendation dea ls  only with those 
f a c t o r s  i n  the  Del ta  es tuary  t h a t  l i m i t  spec ies  abundance. 



achieved with e x i s t i n g  p r o j e c t  f a c i l i t i e s  and current  export  

l e v e l s  (Fish and Game Exhibit  11, p. 4). U n t i l  a d d i t i o n a l  pro- 

j e c t  f a c i l i t i e s  a r e  constructed and operat ional ,  t he  recommenda- 

t i o n s  provide, except as t o  Suisun Marsh (d iscussed  below), f o r  

t h e  maintenance of t h e  f i s h e r y  ( a s  represented p r i n c i p a l l y  by 

s t r i p e d  bass) i n  t h e  Del ta  e s tua ry  a t  l e v e l s  which would approach 

those t h a t  would have ex i s t ed  i n  the  absence of t h e  SWP and CVP. 

The recent  h i s t o r i c a l  f i s h e r y  l e v e l s  i n  t h e  Del ta  have exceeded 

what would have occurred i n  t h e  absence of t h e  SWP and CVP. The 

Board be l ieves  t h a t  the  f i s h e r y  i n  t h e  Del ta  should be maintained 

a t  these h i s t o r i c a l  l eve l s .  Higher l e v e l s  of p ro tec t ion  involving 

g r e a t e r  Del ta  outflows a r e  not  r e a l i s t i c .  Any fu tu re  Del ta  t rans-  

f e r  f a c i l i t y  should be operated t o  ensure the  maintenance of these  

recent  h i s t o r i c a l  leve ls .  I n  t h e  absence of such a f a c i l i t y ,  t h e  

f i s h e r y  resource should be maintained a s  c lose  a s  p rac t i cab le  t o  

those l e v e l s  which would have e x i s t e d  i n  the  absence of t h e  SWP 

and CVP (without p r o j e c t  condi t ions) .  

A s  discussed i n  Chapter V and i n  more d e t a i l  i n  t h e  EIR,  o t h e r  - 
a l t e r n a t i v e s  i n  add i t ion  t o  the  Fish  and Game recommendations 

were evaluated. Based on t h i s  evaluation, t h e  Fish  and Game - &, - 

recommendations, with modif icat ion of the  s t r i p e d  bass  spawnihg 

and su rv iva l  r e l axa t ion  provisions,  and in te r im Suisun Marsh 

standards,  a re  the  most appropriate  water q u a l i t y  s tandards f o r  

the  reasonable p ro tec t ion  of f i s h  and w i l d l i f e  resources. These 

s tandards a r e  shown i n  Table VI-1. 



Presented below i s  a b r i e f  discussion on t h e  r a t i o n a l e  and tech- 

n i c a l  b a s i s  f o r  t h e  f i s h  and w i l d l i f e  standards. More d e t a i l e d  

information i s  contained i n  the  E I R  as we l l  as i n  t h e  extensive 

testimony and e x h i b i t s  introduced by Fish and Game during t h e  

Delta hearing. 

S t r iped  Bass Spawning 

A s  indica ted  i n  Chapter 111, s t r i p e d  bass  have been se lec ted  a s  a 

key spec ies  f o r  e s t a b l i s h i n g  Delta  f i s h  and w i l d l i f e  c r i t e s a .  

The s t r i p e d  bass spawning loca t ions  on the  Sacramento and San Joa- 

quin River systems a r e  shown i n  Figure 111-1. S a l i n i t y  a f f e c t s  

s t r i p e d  bass  spawning on the  lower San Joaquin River (F ish  and 

Game Exhibit  3, p. 111-8). Spawning i n  t h i s  reach of the  r i v e r  

t y p i c a l l y  occurs i n  t h e  main channel and connecting sloughs be- 

tween Antioch and Pr isoners  Point on Venice Is land.  S a l i n i t y  

l i m i t s  of 1 .5  mmhos EC (1000 m g / l  TDS) and 0. 55 mmhos EC (350 m g / l  

TDS) a t  Antioch and Pr isoners  Point,  respect ively,  have been es- 

t ab l i shed  as maximum allowable l e v e l s  f o r  s t r i p e d  bass spawning 
- 

on a long-term b a s i s  ( see  Appendix B) .  However, it  may be poss ib le  

t o  exceed these  values f o r  b r i e f  per iods with l i t t l e  adverse ef- - .  
f e c t  on spawning ( ~ i s h  and Game Exhibit  3 ,  pa 111-8). ~ n f o r ~ t i o n  - 

gathered during 1977, cu r ren t ly  being evaluated by Fish  and Game, 

should help c l a r i f y  t h i s  concern. 



Subs tan t i a l  spawning on t h e  San Joaquin River genera l ly  commences 

i n  mid t o  l a t e  Apr i l  and continues f o r  about 5 weeks (F i sh  and 

Game Exhibit  1 2 ~ ) .  The Antioch spawning s tandard requ i res  suf- 

f i c i e n t  outflow t o  achieve minimum acceptable s a l i n i t y  l e v e l s  by 

t h e  time s u b s t a n t i a l  spawning starts, and t h e  maintenance of s u i t -  

ab le  s a l i n i t y  during t h e  first several 'weeks of spawning. Under 

s teady s t a t e  conditions,  a 6700 c f s  outflow should r e s u l t  i n  ap- 

proximately 1.5 mmhos EC a t  Antioch ( ~ e p a r t m e n t  Exhibit  11-9 

Attachment No. 3 ) .  During t h e  l a t t e r  p a r t  of t h e  spawning period, 

s a l i n i t i e s  a r e  influenced by t h e  s t r i p e d  bass  s u r v i v a l  standard. 

The previous Antioch spawning s tandard i n  t h e  Basin 5B Plan was 

t r iggered  when water  temperatures reached a s p e c i f i c  l e v e l  ( see  

Appendix B).  This presented t w o  problems. F i r s t ,  t he  required 

spawning s a l i n i t y  w a s  o f t en  provided p r i o r  t o  any s i g n i f i c a n t  

spawning. Second, t h e  t r i g g e r i n g  date  was d i f f i c u l t  t o  e s t a b l i s h  

due to'  f l u c t u a t i o n  of stream temperatures near  t h i s  l i m i t  (RT Vol. 

Relaxat ion  Provis ion - 
Both Fish  and Game and t h e  Department recommended re laxa t ion  of 

5 - 
t h e  s t r i p e d  bass  spawning s tandard during per iods  of extreme water - 

shortage. Relaxation would be commensurate with t h e  de f i c i enc ies  

imposed on firm suppl ies  t o  SWP and CVP water users.  During per iods  



of extreme water shortage these  agencies recommended t h a t  the  

Antioch spawning standard, p lus  t h e  6,700 c f s  outflow provis ion 

f o r  the  f i r s t  1 5  days of the  spawning s tandard period, be replaced 

by minimum t o t a l  flows of 470,000 acre-feet  during the  35-day 

period (470,000 acre-feet  i s  equal  t o  about 6,700 c f s  f o r  35 days), 

l e s s  an amount equal  t o  10 percent of t h e  annual de f i c i enc ies  i n  

d e l i v e r i e s  of firm suppl ies  by t h e  p ro jec t s ,  excluding any defi-  

c i enc ies  i n  t h e  F r i a n t  Division of t h e  CVP. 

This outflow-related re l axa t ion  c r i t e r i a  has se r ious  flaws.   he 

parameter of concern i n  s t r i p e d  bass  spawning i s  s a l i n i t y ,  not  

outflow. Also, the  Delta Outflow Index during t h e  beginning of 

the  i r r i g a t i o n  season (around ~ p r i l )  may not be representa t ive  

of t r u e  outflow i n  some yea r s  (EIR, Chapter 111), and the  assumption 

t h a t  6,700 c f s  can maintain 1 .5  mmhos EC a t  Antioch i s  based on 

water q u a l i t y  models t h a t  do not account f o r  t h e  e f f e c t s  of exports  

on the  sa l in i ty- f low re la t ionsh ips  i n  t h i s  a rea  of t h e  Delta. The 

occurrence of such e f f e c t s  during t h e  e a r l y  por t ion  of t h e  i r r i g a -  

t i o n  season may require  l a r g e r  outflows a t  h igher  export  r a t e s  i n  

order  t o  maintain t h e  t a r g e t  s a l i n i t y  condi t ion a t  Antioch. 

- I n  view of these def ic iencies ,  the  recommended s t r i p e d  bass  spawn- 

ing  re l axa t ion  s tandard has been modified t o  maintain s a l i n i t y  

l e v e l s  a t  Antioch r a t h e r  than  outflow while r e t a in ing  t h e  o r i g i n a l  

i n t e n t  of t h e  recommended re laxa t ion  provision. This approach w a s  

used i n  t h e  t r i a l  s e t  of objec t ives  and was not challenged by 



any of t h e  hearing pa r t i c ipan t s .  

S t r iped  Bass Surviva l  and Neomysis Pro tec t ion  

The goals  of t h i s  standard are twofold. The first i s  t o  main- 

t a i n  s t r i p e d  bass  populations on t h e  average a t  l e v e l s  which 

approach without p r o j e c t  condi t ions p r i o r  t o  cons t ruc t ion  and 

operat ion of a Delta t r a n s f e r  f a c i l i t y .  The second i s  t o  main- 

t a i n  populations on t h e  average a t  recent  h i s t o r i c a l  l e v e l s  

a f t e r  t h e  operat ion of such a  f a c i l i t y .  The s tandard a l s o  bene- 

fits opposum shrimp, Neomvsis, the  c r i t i c a l  food source f o r  young 

s t r i p e d  bass. 

The s t r i p e d ' B a s s  Index, a  measure of young bass s u r v i v a l  through 

t h e i r  first summer, i s  t h e  parameter of concern f o r  s t r i p e d  bass  

survival .  The S t r iped  Bass Index is a measurement of r e l a t i v e  

abundance r a t h e r  than an est imate of t h e  a c t u a l  number of s t r i p e d  

bass  present.  However, t h e  use of t h e  S t r iped  Bass Index as a 

water q u a l i t y  con t ro l  parameter poses some t echn ica l  problems. 

Therefore, t h e  S t r iped  Bass Index has been t r a n s l a t e d  t o  t h e  en- 

vironmental condi t ions most d i r e c t l y  r e l a t e d  t o  it. The most 

d i r e c t  mechanism t o  monitor these  environmental condi t ions i s  .. 

through t h e  use of t h e  Delta Outflow Index. The t e c h n i c a l  b a s i s  
- 

f o r  t h i s  approach i s  s e t  f o r t h  i n  the  hearing record (F i sh  a n d -  - 

Game Exhibit  3 ,  pp. 111-13 t o  111-34 and RT Vol. X X I I ,  pp. 168-175). 

The recommended s tandard i s  based on s t a t i s t i c a l  r e l a t i o n s h i p s  

VI-6 



between s t r i p e d  bass  abundance, Del ta  outflow and water diver- 

s ions  from Delta channels f o r  both l o c a l  and export  uses  ( ~ i s h  

and. G a i ?  Exhibit  3, Figures  111-13 and 111-6,. and F l s h  a.nc! 5 a r 3  

Exhibit  11, Appendix C, p. 5). Using known o r  estimated recent  

h i s t o r i c a l  outflow and diversions,  t h e  average abundance of 

s t r i p e d  bass f o r  the  per iod 1922-1967 w a s  found t o  be 106 S t r iped  

Bass Index un i t s .  I n  order  t o  der ive a s tandard t h a t  would 

achieve the  long-term goal  f o r  f i she ry  preservat ion,  mean May, 

June and Ju ly  flows f o r  the  s i x  hydrologic yea r  types  ( see  Figure 

11-1) were se lec ted  which produce a mean S t r iped  Bass Index of 

106, assuming t h e  h i s t o r i c a l  occurrence of y e a r  types coupled with 

export curtai lments  s u f f i c i e n t  t o  el iminate  detriments due t o  ex- 

p o r t s  (F ish  and Game Exhibit  11, Appendix C, pp. 5 and 6, and RT 

Vol. XXII, pp. 166-175). 

Analysis of t h e  s t r i p e d  bass su rv iva l  s tandard i n d i c a t e s  t h s t  

s t r i p e d  bass, on t h e  average, can be maintained a t  l e v e l s  t h a t  

approach without p r o j e c t  l e v e l s  under the  expected export  cond- 

d i t i o n s  during t h e  e f f e c t i v e  per iod of t h i s  plan ( s e e  EIR, 

Chapters I V  and 8 ) .  
- 

The without p r o j e c t  l e v e l  of s t r i p e d  bass, based on June and July 

- a flows, is  about 71  S t r iped  Bass Index un i t s .  However, o the r  fac- . - 

t o r s  may a l s o  a f f e c t  s t r i p e d  bass  survival .  For instance,  condi- 

t i o n s  p r i o r  t o  and a f t e r  t h e  ~ u n e / ~ u l ~  period a f f e c t  s t r i p e d  bass  

abundance. The magnitude of t h i s  impact cannot be quant i f ied  a t  

t h i s  time. The nature of t h i s  impact suggests t h s t  something 

higher  than 71 index u n i t s  would be required t o  maintain s t r i p e d  

bass abundance a t  without p ro jec t  l e v e l s  ( s e e  EIR,  Chapter V, 

Section B ) .  How much higher  i s  unknown. 



The average S t r iped  Bass Index under ' t h i s  p lan  i s  about 79 index 

un i t s .  Even though without p ro jec t  l e v e l s  would be somewhat higher  

than 71, it is  bel ieved t h a t  the  s t r i p e d  bass l e v e l s  (79) under 

t h i s  plan would approximate without p r o j e c t  l e v e l s  i f  t h e  e f f e c t s  

of a l l  f a c t o r s  a t  a l l  t imes of yea r  could be properly evaluated. 
d 

This s t r i p e d  bass s u r v i v a l  s tandard w i l l  i n  any event provide 
* .  

s u b s t a n t i a l l y  b e t t e r  p ro tec t ion  t o  s t r i p e d  bass  than  t h e  previous - 
basin p lan  objec t ives  (63 index u n i t s ) ,  while having a  l e s s e r  impact 

on p r o j e c t  exports  ( EIR,  Chapter v) 

Even though t h e  cu r ren t  method used t o  a s s e s s  without p r o j e c t  

l e v e l s  of s t r i p e d  bass  l acks  the  p rec i s ion  necessary t o  i d e n t i f y  

f u l l y  p r o j e c t  mi t iga t ion  r e s p o n s i b i l i t i e s ,  it is  s u f f i c i e n t  t o  

i n d i c a t e  a p r o j e c t  r e s p o n s i b i l i t y  t o  provide immediate p ro tec t ion  

t o  t h e  f i s h e r y  resource. While t h i s  l e v e l  of p ro tec t ion  f a l l s  

shor t  of f u l l  mi t iga t ion  of a l l  p r o j e c t  impacts on t h e  f i shery ,  

it is nonetheless a reasonable l e v e l  of pro tec t ion .  

The method used t o  a s s e s s  without p r o j e c t  l e v e l s  of s t r i p e d  bass  

is  a t  bes t  only a  rough approximation of  p r o j e c t  impacts on s t r i p e d  

bass  abundance. P r i o r  t o  any attempt t o  f i x  p r o j e c t  r e s p o n s i b i l i t i e s  

f o r  mi t iga t ing  impacts on t h e  f i she ry ,  t h e  a n a l y t i c a l  t o o l s  f o r  
- 

assess ing  p r o j e c t  impacts must be refined. A s  wi th the  Draf t  Four- - 

Agency standards,  t h e  Department, Bureau, F ish  and Game, and U. S. 

Fish  and Wild l i fe  Service should work together  t o  develop a mutually 

acceptable approach t o  i d e n t i f y  p ro jec t  impacts on the  f i shery .  



. The s t r i p e d  bass s tandards a r e  expected t o  benef i t  spec ies  o the r  

than s t r i p e d  bass, as previously discussed. The spr ing  and e a r l y  

summer flows provided i n  the  above s tandards coincide with the  . 

spawning and migration period of many species  which presumably 

a re  adapted t o  the  n a t u r a l  high flows occurring during t h i s  

per iod (see  Figure 111-2). While t h e  Del ta  Plan approaches with- 

. out p r o j e c t  l e v e l s  of p ro tec t ion  f o r  s t r i p e d  bass, the re  a re  many 

o the r  species ,  such as ca t f i sh ,  shad and salmon, which would not 

be pro tec ted  t o  t h i s  leve l .  I n  order  t o  provide f u l l  mi t iga t ion  

of p r o j e c t  impacts on a l l  f i s h e r y  spec ies  now would require  t h e  

v i r t u a l  shu t t ing  down of the  p r o j e c t  export  pumps. Such extreme 

ac t ion  would not be i n  t h e  bes t  publ ic  i n t e r e s t .  

Salmon Migration 

The salmon standard r e f l e c t s  t h e  m i n i m  flows which Fish  and 

Game bel ieves  would be s u i t a b l e  f o r  salmon migration. F ish  and 

Game's recommendation i s  based l a r g e l y  on information from t h e  San 

Joaquin River which r e l a t e s  r i v e r  flows t o  abundance of re turn ing  

a d u l t  salmon ( ~ i s h  and Game Exhibit  3 ,  Chapter 11). However, t h e  

information necessary t o  r e f i n e  t h i s  s tandard i s  not cu r ren t ly  

ava i l ab le  (Fish  and Game Exhibit  11, p. 6) .  Notwithstanding t h i s ,  

t he  standard is an appropriate  base from which more d e f i n i t i v e  

s tandards can be es t ab l i shed  i n  t h e  fu ture .  

Suisun Marsh 

F u l l  p ro tec t ion  of Suisun Marsh a t  present  poses an extremely 

d i f f i c u l t  problem. A s  shown i n  Figure V I - 1 ,  the  in te r im standards 

s e t  f o r t h  i n  F ish  and Game Exhibit 11 plus  an t i c ipa ted  uncontrol led 

flows w i l l  no t  f u l l y  p r o t e c t  Suisun Marsh i n  t y p i c a l  c r i t i c a l  years. 
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sa l in i t ies  are shown for the mouth of Suiaun Slough which was 
at  0.75 times the Port Chicago sa l in i t ies  (from DF&G Exhibit 24, 

. t 11-'13-~). 



This f igure  a l s o  shows t h a t  under 1980 without p r o j e c t  conditions,  

t h e  Marsh would have been pro tec ted  i n  average c r i t i c a l  years. 

Thus, t h e  in te r im standards do not f u l l y  mi t iga te  the  adverse 

e f f e c t s  of t h e  p r o j e c t s  on the  Marsh. 

S t a t e  and f e d e r a l  l e g i s l a t i o n  require  the  SWP and CVP t o  mi t iga te  

the  adverse environmental e f f e c t s  of p r o j e c t  operat ions. l /  Standards 

providing such mi t iga t ion  measures t o  the  Marsh a r e  evaluated i n  

t h e  EIR. F u l l  p ro tec t ion  of t h e  Marsh s o l e l y  with outflow could 

require  i n  excess of 2 mi l l ion  acre-feet  ( i n  terms of p ro jec t  

y ie ld)  i n  addi t ion  t o  t h a t  outflow required t o  meet the  in ter im 

Marsh s tandards (RT Vol. X X I I ,  p. 101). This would r e s u l t  i n  a  

one-third reduction i n  combined S w  and CVP e m o r t a b l e  y i e l d  from 

e x i s t i n g  f a c i l i t i e s .  The Bureau, t h e  Department, F ish  and Game and 
. .... 

the  U; S. . Fish  and Wild l i fe  Service a r e  working t o  develop supple- 

mental water suppl ies  f o r  t h e  Marsh. Such supplemental suppl ies  

a r e  a  more des i rab le  method f o r  p ro tec t ing  t h e  Marsh and mi t iga t ing  

t h e  adverse impacts of t h e  CVP and SWP on t h i s  extremely valuable 

resource. 

Recognizing t h e  e f f o r t  cu r ren t ly  underway by t h i s  Four-Agency group, 

a  time schedule has been developed f o r  t h e  completion of the  n e c e s s a r j  - 
measures t o  mi t iga te  the  p ro jec t s1  impacts on Suisun Marsh. I n i t i a l  

- .  phases of t h i s  program should be completed by January 1, 1980, - with - 

f u l l  mi t iga t ion  required by October 1, 1984. A more d e t a i l e d .  dis- 

cussion of t h i s  program i s  s e t  f o r t h  i n  t h e  program of implementation, 

Chapter VII. 

2/ Sect ion 11900 of Cal i forn ia  Water Code; The Cal i forn ia  Environ- 
mental Qual i ty  Act (publ ic  Resources Code Sect ion 21000, e t  seq.) ;  
Fish and Wildl i fe  Coordination Act [16 U.S. C. Sect ion 661, e t  
seq. (1970) 1; and National Environmental Pol icy Act of 1969 [42 
U.S.C. Section 4321 e t  seq. (1970) 1. 



The in te r im standards do not  provide complete p ro tec t ion  t o  Suisun 

Marsh. The i n t e r i d  s tandards require  some modif icat ion of p r o j e c t  

operat ions t o  b e n e f i t  t h e  Marsh, but r e l y  pr imar i ly  on the occurrence 

of uncontrol led outflows t o  p r o t e c t  t h e  Marsh u n t i l  1984. 

Fish and Game recommended re laxa t ion  of the  in te r im Marsh s tandards 

whenever t h e  p r o j e c t s  impose de f i c i enc ies  i n  firm scheduled water " 

de l ive r i e s .  This recommendation was based on a t t a i n i n g  f u l l  pro- w 

t e c t i o n  f o r  t h e  Marsh by January 1, 1982. However, during t h e  

publ ic  hearing on t h e  d r a f t  plan, t h e  Department ind ica ted  t h a t  

f u l l  Marsh p ro tec t ion  could not  be achieved u n t i l  t h e  f a l l  of 1984. 

I n  view of this, t h e  con t ro l  da te  by which f u l l  Marsh p ro tec t ion  

would be required w a s  extended t o  October 1, 1984. I n  order  t o  

ensure s u f f i c i e n t  p ro tec t ion  over t h i s  extended in te r im period, 

r e l axa t ion  of in te r im Marsh s tandards w i l l  not  be allowed i n  t h e  

c r i t i c a l  months of January through May. 

The Board supports  t h e  long-term goal  of F ish  and Game t h a t  a l l  

managed wetlands of Suisun Marsh (except  those on Ryer, Roe, Snag 

and Freeman Is lands)  should be provided with s u f f i c i e n t  q u a n t i t i e s  

of adequate q u a l i t y  water t o  a t t a i n  a  s o i l  water e l e c t r i c a l  conduc- 

t i v i t y  of 1 4  mmhos EC (9  p a r t s  p e r  thousand TDS) i n  t h e  first foot  

of s o i l  during May, using b e s t  p r a c t i c a l  water management p r a c t i c e s  - - 
- - 

(Fish  and Game Exhibit  11, p. 13). Best ava i l ab le  information 

i n d i c a t e s  t h a t  water q u a l i t y  condi t ions  t o  achieve t h i s  goal  would 

have been ava i l ab le  even i n  most c r i t i c a l  years  had t h e  proje.zts 

not been constructed.  Therefore, provis ion of water q u a l i t y  condi- 

t i o n s  t o  achieve t h i s  goal  is  a p r o j e c t  r e spons ib i l i ty .  These 



condit ions a re  included as s tandards t o  be achieved a t  s p e c i f i c  

loca t ions  i n  t h e  Marsh by October 1, 1984. The program of imple- 

mentation i n  Chapter V I I  of the  plan s e t s  f o r t h  t h e  spec i f i c  

ac t ions  t h a t  must be taken by t h e  p ro jec t  operators  t o  mi t iga te  

t h e i r  impacts on the  Marsh i n  t h e  in te r im period p r i o r  t o  October 1, 

1984. 

Operational Const ra in ts  

I n  add i t ion  t o  t h e  in ter im f i s h  and w i l d l i f e  standards,  F ish  and 

Game has recommended t h a t  CVP and SWP f a c i l i t i e s  be required t o  

operate i n  a manner which would minimize t h e i r  impact on t h e  Del ta  

f i shery .  Even though such operat ing c r i t e r i a  a r e  not a usua l  e le-  

ment of a water q u a l i t y  c o n t r o l  plan, they a r e  proper considerat ions 

f o r  a water r i g h t  decision. I n  view of the  dual  nature of t h i s  

proceeding, these  operating c r i t e r i a  a r e  included i n  Table VI-1. 

The most important operatio.na1 requirement i s  a curtai lment  of 

exports t o  p r o t e c t  s t r i p e d  bass. The export  curtailment,  i n  com- 

b ina t ion  with t h e  spr ing  and summer flows f o r  s t r i p e d  b a s s  surv iva l ,  

is  an important f a c t o r  i n  approaching t h e  without p r o j e c t  l e v e l  of 

t h i s  resource. I n  order  t o  ensure t h e  attainment of this goal,  the  

opera t ional  c o n s t r a i n t s  recommended by Fish  and Game heve been modi- 

f i e d  s o  t h a t  SWP export  curtai lment  would be required regardless  of 
- .( 

Delta  outflow conditions.  

Other c o n s t r a i n t s  include r e s t r i c t i o n s  on the  operation of t h e  Delta 

Cross-Channel and requirements on the  operat ion of the  f i s h  pro- 

t e c t i v e  f a c i l i t i e s  a t  the  SWP and CVP export  locat ions.  



B. AGRICULTURE 
.- . 

Water q u a l i t y  s tandards t o  p r o t e c t  Delta a g r i c u l t u r a l  uses  have 

been developed f o r  th ree  general  geographic areas:  the  western, 

i n t e r i o r  and southern Delta. The p a r t i c u l a r  needs of each a rea  

a r e  determined by i ts  loca t ion  i n  t h e  Delta, i t s  s o i l  types and 
-, 

i r r i g a t i o n  prac t ices .  While t h e  general  approach f o r  a l l  t h r e e  
" 

a reas  i s  s u b s t a n t i a l l y  t h e  same, t h e  a g r i c u l t u r a l  water q u a l i t y  - 
staddards have been t a i l o r e d  t o  t h e  p a r t i c u l a r  c h a r a c t e r i s t i c s  - 
of each area.  

The approach used i n  developing t h e  a g r i c u l t u r a l  s tandards.  involves 

an i n i t i a l  determination of t h e  water q u a l i t y  needs ( c r i t e r i a )  of 

s i g n i f i c a n t  crops, predominant s o i l  types, and i r r i g a t i o n  prac- 

t i c e s  i n  each area. The ex ten t  t o  which these  water q u a l i t y  needs 

would be s a t i s f i e d  i n  var ious por t ions  of t h e  Del ta  under without 

p r o j e c t  condi t ions w a s  then  determined. ---The a g r i c u l t u r a l  

s tandards a r e  based on t h i s  determination and ensure t h a t  

p ro jec t  operat ions do not  encroach upon Delta  vested r igh t s .  The 

l e v e l  of p ro tec t ion  provided a g r i c u l t u r a l  uses  under these  stand- 

a r d s  w i l l  extend no f u r t h e r  than  without p r o j e c t  conditions,  as 

l imi ted  by reasonable benef i c i a l  use,. However, a d d i t i o n a l  needs 

could be met through con t rac t s  with the  Department and Bureau 

under t h e  s t a t u t o r y  preference accorded Delta  b e n e f i c i a l  uses. - 
- - 

. 
Water Q u a l i t y  C r i t e r i a  

Subi r r iga ted  Orpanic Soi l s .  A s  i nd ica ted  above, a s u b s t a n t i a l  

por t ion  of t h e  western and i n t e r i o r  Delta organic s o i l s  a re  sub- 

i r r i g a t e d  ( see  Figure ,111-4). This method of i r r i g a t i o n  i s  very 



energy e f f i c i e n t .  However, s ince s u b i r r i g a t i o n  wets t h e  s o i l  from 

below the  surface,  e f fec t ive  leaching i s  reduced. This reduced 

leaching makes it necessary t o  i r r i g a t e  with high q u a l i t y  (low 

s a l i n i t y )  water. Subi r r iga t ion  has been p rac t i ced  h i s t o r i c a l l y  

with good success i n  t h e  Delta. The widespread use of t h i s  method 

i r r i g a t i o n  i s  due l a r g e l y  t o  the  f a c t  t h a t  organic s o i l s .  cannot 

be successfu l ly  i r r i g a t e d  by furrow o r  border check methods ( R T  Vol. 

X I I I ,  p. 29). The water q u a l i t y  c r i t e r i a  developed f o r  organic 

s o i l s  i s  based on t h e  high water q u a l i t y  required when s u b i r r i g a t i o n  

is practiced. 

However, the re  a r e  o t h e r  acceptable methods f o r  i r r i g a t i n g  organic 

s o i l s  which could reduce the  need f o r  t h i s  high q u a l i t y  water. 

One such method i s  s p r i n k l e r  i r r i g a t i o n  which was discussed during 

t h e  hearing a s  a poss ib le  a l t e r n a t i v e  t o  subi r r iga t ion .  Spr ink le r  

i r r i g a t i o n  of Delta organic s o i l  would require  a  s u b s t a n t i a l  addi- 

t i o n a l  c a p i t a l  and operat ing cos t  (RT Vol. X I I I ,  p. 46-47). I n  

view of the  considerable expense involved, such a l t e r n a t i v e  means 

of i r r i g a t i o n  have been t r e a t e d  i n  the  same manner a s  the  subs t i -  
" 

t u t e  suppl ies  provis ion of t h e  Delta Pro tec t ion  Act. Under the  

Delta Pro tec t ion  Act, Del ta  water u s e r s  would not i n c u r  a d d i t i o n a l  
- 

expense if a s u b s t i t u t e  supply is provided by the  p r o j e c t  opera- 

- ,. t o r s  ( see  discussion i n  Chapter I). 
- - 

r. I n  order  t o  determine t h e  water q u a l i t y  needs of the  Del ta  organic 

s o i l s ,  t h e  crop of major s igni f icance  t o  t h i s  a rea ' s  economy was 

iden t i f i ed .  A s  ind ica ted  i n  Chapter 111, corn i s  the  p r i n c i p a l  

crop grown on sub i r r iga ted  s o i l s .  I n  accordance with the  Del ta  

Pro tec t ion  Act provis ion t o  maintain and expand Delta ag r i cu l tu re ,  

water q u a l i t y  requirements have been es tab l i shed  t o  provide 10% , 

crop y i e l d s  f o r  corn. 

VI-15 



The Universi ty  of Cal i forn ia  (UC) Guidelines and I r r i g a t i o n  and 

Drainage .paper 29 of the  Food and Agricul ture  Organization of the  

United Nations (FAO) (UC Exhibi ts  1 and 2) provide a methodology 

f o r  determining the  maxirm s a l i n i t y  of the  appl ied  water which 

allows a 100% y i e l d  of s p e c i f i c  crops. However, the  equations 
d 

used i n  t h i s  determination must be modified f o r  s u b i r r i g a t e d  

organic s o i l s  (uC Exhibit  8). The FA0 report .assumes a s o i l  water 

s a l i n i t y  concentrat ibn of t h r e e  t imes t h a t  of t h e  appl ied  water. - 
However, Exhibi t  8 i n d i c a t e s  t h a t  t h e  appl ied water s a l i n i t y  i s  

a c t u a l l y  concentrated from f i v e  t o  t e n  t imes i n  t h e  organic s o i l s  

of t h e  Delta where s u b i r r i g a t i o n  i s  pract iced.  If a concentrat ion 

f a c t o r  of 7*5 i s  s u b s t i t u t e d  i n t o  the  FA0 equations, the  appl ied  

water s a l i n i t y  requirement f o r  corn on sub i r r iga ted  organic s o i l s  

would be 0.45 mmhos EC. 

Throughout t h e  extensive testimony of t h e  U. C. Cooperative Exten- 

s i o n  e l e c t r i c a l  conduct ivi ty  i s  used as t h e  b e s t  measure of s a l i n i t y  

impacts on Delta  agr icul ture .  While t o t a l  dissolved s o l i d s  and 

chlor ide  i o n  concentrat ion have been employed t r a d i t i o n a l l y  a s  

measures of Delta water qua l i ty ,  e l e c t r i c a l  conduct ivi ty  i s  more 

c lose ly  r e l a t e d  t o  osmotic pressure (which t h e  p lan t  i s  responding - 
t o )  than any o t h e r  measure of s a l i n i t y .  Figures 11-4 and 11-5 

list t h e  conversion f a c t o r s  from e l e c t r i c a l  conduct ivi ty  t o  ch lor ide  
.3 .. 

- - 
ion  concentrat ion and t o t a l  dissolved s o l i d s  f o r  representa t ive  

C 

s t a t i o n s  i n  t h e  Delta. 

The 0.45 mmhos EC water q u a l i t y  requirement w i l l  be imposed only 

during t h e  i r r i g a t i o n  season, Apr i l  1 t o  August 15. It w a s  not  



poss ib le  t o  e s t a b l i s h  t h e  water q u a l i t y  needs of t h i s  a rea  during 

o the r  per iods of t h e  yea r  because of t h e  l ack  of information i n  

the  hearing record. v 

However, t h e  water which the  p lan t  uses  may not  be s o l e l y  t h a t  

which i s  d i r e c t l y  appl ied  i n  the  f i e l d  (RT Vol. XX, p. 181). The 

mechanics of t h i s  water movement through t h e  s o i l  has not  been 

wel l  defined, but preliminary research by t h e  U. C. Cooperative 

Extension i n d i c a t e s  t h a t  water appl ied  i n  spud d i t ches  may be 

adding a d d i t i o n a l  upward fo rce  ts the  underlying groundwater and 

t h a t  the  p l a n t  might a c t u a l l y  be using t h e  groundwater f o r  con- 

sumptive use. If these  preliminary ind ica t ions  prove t o  be va l id ,  

the  q u a l i t y  of  t h e  groundwater could be t h e  most important f a c t o r  

i n  t h e  considerat ion of water q u a l i t y  needs i n  sub i r r iga ted  or+ 

ganic s o i l s .  The complexity of f a c t o r s  a f f e c t i n g  groundwater 

q u a l i t y  and water movement a r e  not f u l l y  understood a t  t h i s  point.  

Future research may c l a r i f y  these  re la t ionships .  

Mineral Soi ls .  A s  more f u l l y  described i n  Chapter IIL mineral 

s o i l s  a r e  found predominantly i n  t h e  northern and southern por t ions  

of t h e  Delta. Unlike the  organic s o i l s  which a r e  predominately 

subi r r iga ted ,  mineral  s o i l s  permit sur face  i r r i g a t i o n .  Some leaching - - 

The in te r im agreement between the  Department, North Del ta  Water 
Agency and Reclamation D i s t r i c t  341 executed on June 21, 1977, 
due t o  the  drought does make provis ions f o r  supplying s p e c i f i c  
q u a l i t y  l e v e l s  t o  a reas  i n  t h e  western Delta  f o r  a two-week 
period i n  December 1977 f o r  p re i r r iga t ion .  



of t h e  mineral  s o i l s  i s  accomplished by sur face  i r r i g a t i o n  d u r  

ing  the  growing season. The water q u a l i t y  needs of mineral  s o i l s  

a r e  not  as high a s  those f o r  sub i r r iga ted  s o i l s  f o r  t h e  same crop 

y ie lds .  Therefore, t h e  water q u a l i t y  s tandards developed f o r  t h e  
w 

pro tec t ion  of t h e  s u b i r r i g a t e d  organic s o i l s  i n  t h e  western and 

i n t e r i o r  Delta w i l l  provide s u i t a b l e  water q u a l i t y  f o r  the  mineral  

s o i l s  i n  t h e  northern por t ion  of t h e  Delta. 

Water q u a l i t y  and quan t i ty  needs i n  t h e  southern Delta  a re  a dif- 

fe ren t  matter. A major por t ion  of t h e  southern Delta has a con- 

s ide rab le  amount of c l ay  intermixed i n  t h e  s o i l  p r o f i l e .  These s o i l s  

tend  t o  have low permeabili ty,  and drainage - and water movement is  

3f ten  r e s t r i c t e d .  

The drainage and high water t a b l e  problems i n  por t ions  of t h e  

southern Del ta  l i m i t  t h e  type of crops which can be grown. For 

. instance,  beans were grown on about 20,000 ac res  i n  t h e  southern 

Delta  during t h e  e a r l y  1930's. F i e l d  beans are now grown on only 

about 2,400 a c r e s  i n  t h e  southern Delta. , A  reason advanced f o r  

t h i s  decl ine is t h e  poorer  water q u a l i t y  p resen t ly  ava i l ab le  t o  the  - 
southern Delta. Most of the  beans now grown i n  t h i s  area a r e  black- # 

eyed beans, because they are more sal t  to le ran t .  Even these  salt- * 

t o l e r a n t  beans a r e  grown genera l ly  i n  a reas  receiving Delta-Nendota 

Canal water due t o  i t s  b e t t e r  q u a l i t y  (RT Vol. XIII, p. 157). 



Beans a r e  an important crop t o  the  southern Delta  due t o  market 

demand and s u i t a b i l i t y  t o  climate and s o i l .  Also, beans a re  wel l  

s u i t e d  t o  crbp r o t a t i o n  i n  t h i s  area.  The U. C. Guidelines recom- 

mend an  appl ied  water q u a l i t y  of 0.7 mmhos EC during the  i r r i g a t i o n  

season, Apr i l  through August, t o  maintain beans a t  a 10% y i e l d  

(uC Exhibit  1 ) .  Other important crops i n  t h e  southern Del ta  are 

alfalfa, pas ture  and sugar  beets.  These crops use water through- 

out t h e  year. Also, during a major por t ion  of t h e  year,  one a rea  

o r  another  of t h e  southern Delta  i s  i n  the  seedl ing  s tage  of 

growth (RT Vol. XIV,  p. 86) .  I n  view of the  year-round demand 

f o r  i r r i g a t i o n  water,' t h e  water q u a l i t y  needs of t h i s  a rea  f o r  

months o t h e r  than Apr i l  through August must be considered. 

The U. C. Guidelines ind ica te  t h a t  a l f a l f a  requi res  an appl ied  

water of 1.3 mmhos EC f o r  a 10% yie ld .  Because of permeabili ty 

problems, associa ted  winter  leaching f a c t o r s  and t h e  water q u a l i t y  

requirements of crops i n  t h e  seedl ing stage,  an appl ied water 

q u a l i t y  of 1.3 mmhos EC would not  f u l l y  avoid crop decmment. 

I n  order  t o  provide s u f f i c i e n t  p ro tec t ion  t o  crops i n  t h e  southern 
.. 

Delta outs ide  of the  Apr i l  through August i r r i g a t i o n  season, t h e  

- 
q u a l i t y  of appl ied water has been s e t  a t  1.0 mmhos EC during the  

period-3eptember 1 t o  March 31. The ongoing research by the  U; C-. 
- 

Cooperative Extension i n  t h e  southern Delta may produce information 

which w i l l  show a need f o r  fu tu re  revis ion  of these water q u a l i t y  

c r i t e r i a .  



Water Q u a l i t y  Standards - 

Western Delta. I n  order  t o  e s t a b l i s h  water q u a l i t y  s tandards f o r  

t h e  western Delta organic s o i l s ,  water q u a l i t y  da ta  a t  representa- 

t i v e  l o c a t i o n s  were analyzed t o  determine without p r o j e c t  water - 

q u a l i t y  condi t ions ( i .  e., condi t ions which would e x i s t  i n  the  
* -  

absence of CVP and SW). Figure 11-4 shows t h i s  l e v e l  of water  

q u a l i t y  f o r  Emmaton and Jersey  Point. 
.. 

Under without p r o j e c t  conditions,  t h e  high q u a l i t y  water needed 

f o r  f u l l  crop y i e l d s  i n  t h e  western Delta would not be ava i l ab le  

throughout t h e  e n t i r e  i r r i g a t i o n  season i n  most years. I n  most 

years, water with extremely good q u a l i t y  would be ava i l ab le  during 

the  e a r l y  por t ion  of t h e  i r r i g a t i o n  season, but  t h e  q u a l i t y  would 

d e t e r i o r a t e  rapid ly  during t h e  l a t e r  por t ion  of the  season. The 

start  of t h e  d e t e r i o r a t i o n  would depend upon the  year  type. Stand- 

a r d s  designed s o l e l y  t o  reproduce such condit ions would require  

l a rge  q u a n t i t i e s  of water f o r  l i t t l e  benefi t .  I n  order  t o  provide 

t h e  extremely good q u a l i t y  water e a r l y  i n  the  i r r i g a t i o n  season, 

Del ta  outflows i n  excess of 10,000 c f s  would be required. I n  most 

years,  uncontrol led flows provide much of t h e  needed outflow. How- 

ever, s ince  without p r o j e c t  condi t ions would al low rapid  and exten- 
- - 

s i v e  s a l i n i t y .  i n t r u s i o n  during t h e  - l a t t e r  p a r t  of t h e  i r r i g a t i o n  

season, the  b e n e f i t s  t o  a g r i c u l t u r e  provided by reproducing such 

condit ions would appear t o  be o f f s e t  by the  detriments. Thus, t h e  

d i r e c t  app l i ca t ion  of without p r o j e c t  condi t ions without some 



modification would r e s u l t  i n  unreasonable standards. Equivalent 

without p r o j e c t  condi t ions have been developed by providing the  

*stern Delta  t h e  same weighted average s a l i n i t i e s  over t h e  per iod 

Apr i l  1 t h r ~ u g h  August 1 5  a s  those shown on Figure 11-4. Such 

modification w i l l  benef i t  both a g r i c u l t u r a l  use r s  i n  t h e  western 

Delta  and p r o j e c t  operators.  

The a g r i c u l t u r a l  s tandards f o r  t h e  wsstern Delta shown i n  Table 

V I - 1  a r e  based on these  equivalent  without p r o j e c t  conditions.  

Under these  standards,  a water q u a l i t y  of 0.45 mmhos EC would be 

assured f o r  t h a t  por t ion  of the  i r r i g a t i o n  season during which it 

would have occurred i n  the  absence of t h e  p ro jec t s ,  i n  a l l  yea r s  

except c r i t i c a l  years. The water q u a l i t y  provided f o r  t h e  remain- 

ing  por t ion  of t h e  i r r i g a t i o n  season would r e f l e c t  a s a l i n i t y  which 

when weighted with t h e  0.45 mmhos EC value would be equivalent  t o  

the  without p r o j e c t  weighted average over t h e  e n t i r e  i r r i g a t i o n  

season. I n  some years,  p a r t i c u l a r l y  wet and above normal years,  

the  combined e f f e c t  of both of these  f a c t o r s  r e s u l t  i n  a require- 

ment of 0.45 mmhos EC f o r  the  e n t i r e  per iod Apr i l  1 through August 

15. I n  such cases  the  0.45 mmhos EC requirement i s  shown f o r  the  

e n t i r e  per iod i n  the  f i r s t  column of t h e  a g r i c u l t u r a l  s tandards i n  - 
Table IV-1. 

Provision of t h e  0.45 mmhos EC e a r l y  i n  t h e  i r r i g a t i o n  season wou-ld - 

be unreasonable during c r i t i c a l  years,  because of t h e  r e l a t i v e l y  

l a r g e  outflows required. I n  view of t h i s ,  t he  water q u a l i t y  stand- 

a rds  f o r  t h e  western Delta during c r i t i c a l  years  a re  based on t h e  

time-weighted average water q u a l i t y  condi t ions over the  e n t i r e  per iod 

Apr i l  1 through August 15. These time-weighted averages a re  the  

same as t h e  without p r o j e c t  average condi t ions f o r  such years. 



I n t e r i o r  Delta. The a g r i c u l t u r a l  water q u a l i t y  needs of t h e  in- 

t e r i o r  Delta a r e  e s s e n t i a l l y  t h e  same a s  those of the  western Delta 

sub i r r iga ted  organic s o i l s ,  0.45 mmhos EC during t h e  i r r i g a t i o n  sea- 

son. The without p r o j e c t  water q u a l i t y  condi t ions f o r  representa t ive  
P 

l oca t ions  i n  the  i n t e r i o r  Delta a r e  shown i n  Figure 11-5. Central  

Landing on the  Mokelumne River i s  representa t ive  of water q u a l i t y  

i n  the  por t ions  of t h e  i n t e r i o r  Del ta  inf luenced d i r e c t l y  by the  

Sacramento and Mokelumne Rivers. Webb Pump on False  River repre- 

s e n t s  water q u a l i t y  of t h e  i n t e r i o r  Del ta  a f f e c t e d  by t h e  San Joa- 

quin River. A s  shown i n  Figures 11-4 and 11-5, water  q u a l i t y  i n  
s 

t h e  i n t e r i o r  Delta under without p r o j e c t  condi t ions would be con- 

s iderably  b e t t e r  than i n  the  western Delta during the  i r r i g a t i o n  

season. Also, water q u a l i t y  i n  t h a t  por t ion  of the  i n t e r i o r  Del ta  

inf luenced by t h e  Sacramento and Mokelumne Rivers is  b e t t e r  than  

t h a t  of a r e a s  influenced by t h e  San Joaquin River. 

The water q u a l i t y  s tandards developed f o r  t h e  i n t e r i o r  Del ta  a r e  

based on t h e  same general  p r i n c i p l e s  a s  those f o r  t h e  western Delta. 

These s tandards a r e  shown i n  Table IV-1. I n  the  absence of a cross- 

Del ta  water t r a n s f e r  f a c i l i t y ,  s a l i n i t y  p ro tec t ion  of t h e  i n t e r i o r  

Del ta  south of t h e  San Joaquin River is  afforded by t h e  Je r sey  Point - 
standards.  The Board in tends  t o  adopt s tandards f o r  s p e c i f i c  loca- 

t i o n s  i n  t h e  i n t e r i o r  Del ta  south of t h e  San Joaquin River i f  such - - 
. - 

a f a c i l i t y  i s  constructed. 

Southern Delta. I n  Chapter V, t h e  problems associa ted  with develop- 

ment of implementable water q u a l i t y  s tandards f o r  the  southern Delta 

a r e  discussed. I n  recognit ion of t h e  concerns expressed thorein,  a 



phased approach has been developed t o  resolve  t h e  long s tanding  

water q u a l i t y  problems i n  t h e  southern .Delta. The cur ren t  Vernal is  

ob jec t ive  contained i n  t h e  Basin 5B Plan i s  used as an i n t e r i m  

l e v e l  of p r o t e c t i o n  f o r  t h e  southern Delta. .However,, achievement 

of t h i s  i n t e r i m  l e v e l  of p r o t e c t i o n  cannot be ensured u n t i l  New 

Melones Reservoir i s  operat ional .  
0 

. . 

The most p r a c t i c a l  s o l u t i o n  f o r  long-term p r o t e c t i o n  of southern 

Del ta  a g r i c u l t u r e  i s  cons t ruc t ion  of phys ica l  f a c i l i t i e s  t o  pro- 

vide adequate c i r c u l a t i o n  and s u b s t i t u t e  suppl ies .  If necessary 

phys ica l  f a c i l i t i e s  a r e  constructed,  t h e  c i r c u l a t i o n  flows needed 

may be only a moderate inc rease  above those committed from New 

Melones ~ e s e m o i r . y  Negotiat ions concerning such f a c i l i t i e s  a r e  

c u r r e n t l y  underway between t h e  p r o j e c t  ope ra to r s  and t h e  South 

Delta wqter Agency. 
.- . . 

C. MJ~LCIPAL AND INDUSTFEAL 

The p r i n c i p a l  concerns i n  development of water  q u a l i t y  s tandards  

f o r  municipal and i n d u s t r i a l  u s e s  i n  t h e  Del ta  a r e  pub l i c  h e a l t h  

p r o t e c t i o n  and t h e  needs of e s t a b l i s h e d  sa l t  s e n s i t i v e  i n d u s t r i e s .  
. -. - 

The development of s u i t a b l e  standards i s  complicated by t h e  ef-  

f e c t  of e s t a b l i s h e d  water  supp l i e s  from both h i s t o r i c a l  w a t e r . .  

r i g h t  d ivers ions  and s u b s t i t u t e  sources. 
-- --- 

See Memorandum Agreement f o r  t h e  P ro tec t ion  and Enhancement of 
t h e  Water Q u a l i t y  of t h e  S t a n i s l a u s  and San Joaquin Rivers a s  
Affected by t h e  New Melones P ro jec t  under Water Right Applica- 
t i o n  19304 of t h e  United S t a t e s  of America and by Municipal and 
I n d u s t r i a l  Wastes, between t h e  Bureau and Cent ra l  Valley Regional 
Water Quality Control  Board dated J u l y  2, 1969. 



Contra Costa Canal In take  

His to r i ca l ly ,  d ivers ions  f o r  municipal and i n d u s t r i a l  uses  have 

been made not  only from t h e  Delta  i n  the  ~ n t i o c h / P i t t s b u r g  area,  

but  a l s o  downstream from t h e  Delta as f a r  as Crockett  i n  t h e  C a r  

quinez S t r a i t  area (Department of Public Works B u l l e t i n  27, P l a t e  

IV) . 
A s  s t a t e d  i n  chap te r  V, water  q u a l i t y  s tandards f o r  publ ic  drink- 

ing  supp l i e s  have been developed a t  l e v e l s  necessary t o  provide 

f u l l  p ro tec t ion  regardless  of a  p a r t i c u l a r  e n t i t y ' s  ves ted  r ights .  

I n  accordance with Section64473 of T i t l e  22 of t h e  Ca l i fo rn ia  Ad- 

min i s t r a t ive  Code, t h e  s tandard f o r  dr inking water has been es- 

t ab l i shed  a t  250 mg/l chloride.  

The l e v e l  of p ro tec t ion  provided i n d u s t r i a l  uses  and municipal sup- 

p l i e s  ( o t h e r  than  dr inking suppl ies)  extends t o  a t  l e a s t  t h a t  

q u a l i t y  of water which would have ex i s t ed  i n  t h e  absence of the  

pro jec ts .  These without p r o j e c t  water  q u a l i t y  condi t ions offshore 

a t  Antioch are shown i n  Figure 11-7, and t h e i r  development i s  dis- 

cussed i n  Chapter 11. A s  ind ica ted  i n  Chapters I1 and 0, the  pro- 

duction of sa l t - sens i t ive  paper, dr inking water  t a s t e  enhancements - - 

and i r r i g a t i o n  of sa l t - sens i t ive  p l a n t s  require  a chlor ide  . 
. - .  

concentrat ion of 150 m g / l  o r  l e s s  (RT Vol. X V I I ,  p. 137; CCCGYD 

Exhibit  17, pa 11; UC Exhibit  1, p. 1) .  



The maintenance of without p r o j e c t  condi t ions offshore a t  Antioch 

would require  add i t iona l  Delta outflow of 22 t o  44 acre-feet  t o  pro- 

t e c t  each acre-foot of use (RT Vol. XXIV, p. 151). Even though pre- 

vious water q u a l i t y  s t andards ,  provided l imi ted  p ro tec t ion  offshore 

.at Antioch during por t ions  of t h e  year, these  s tandards were in- 

tended t o  be i n  e f f e c t  only u n t i l  a s u b s t i t u t e  supply w a s  ava i l ab le  

t o  a r e a s  i n  t h e  v i c i n i t y  of Antioch. 

A l l  p r i n c i p a l  water u s e r s  i n  the  v i c i n i t y  of Antioch now have an  

a l t e r n a t e  source of supply from the  Contra Costa Canal, which has 

its in take  a t  Rock Slough (RT Val. 11, pp. 56 and 57, and Vol. X V I I ,  

p. 72). The Department has of fered  t o  pay any increased cos t  in- 

curred by these  p r i n c i p a l  water use r s  i n  tak ing  water from the  

Contra Costa Canal a s  a r e s u l t  of reduced a v a i l a b i l i t y  of s u i t a b l e  

offshore suppl ies  due t o  SWP operat ions (RT Vol. 11, p. 57) 8 The 

Department has already contracted with CCCWD (Mallard Slough Intake)  

and t h e  City of Antioch t o  make such compensation (RT Vole XXIV, 

p. 148). Based on recent negotiat ions,  it appears t h a t  the  remain- 

ing  i s s u e s  with t h e  o the r  p r i n c i p a l  use r s  can be resolved. I n  

.. view of t h i s  and the  l a rge  Delta outflow required t o  p ro tec t  off-  

* sho~ne uses  i n  the  v i c i n i t y  of Antioch, a s p e c i f i c  of fshore  ~ n t i o c h  
" standard has not been included i n  t h i s  plan. . - 

However, i n  accordance with the  Del ta  Pro tec t ion  Act, such sub- 

s t i t u t e  supply should provide Delta use r s  a t  l e a s t  t h a t  water 

q u a l i t y  which would have been ava i l ab le  t o  them i n  the  absence 

of t h e  pro jec ts .  The s tandard f o r  municipal and i n d u s t r i a l  uses  



i n  t h e  v i c i n i t y  of Antioch i s  based on providing a s u b s t i t u t e  sup- 

p ly  through t h e  Contra Costa Canal equivalent  t o  t h a t  ava i l ab le  

of f  shore Antioch. t h i s  s tandard provides a chlor ide  

l i m i t  of 150 m g / l  a t  Rock Slough f o r  per iods  equal  t o  those during - 

which water  of t h a t  q u a l i t y  would occur offshore a t  Antioch. Users 

t h e  v i c i n i t y  Antioch have water r i g h t  Rock 

Therefore, t h e  i n t e n t  of t h i s  s tandard 'is t o  p r o t e c t  t h i s  subs t i -  ' 

t u t e  supply. The s t a t i o n  s e l e c t e d  f o r  monitoring compliance with 

t h i s  s tandard is t h e  CCCWD Pumping P lan t  No. 1. The q u a l i t y  a t  

t h i s  s t a t i o n  w i l l  c lose ly  r e f l e c t  t h e  de l ivered  water qual i ty .  

Subs tan t i a l  d i f f e rences  i n  water q u a l i t y  can occur between Rock 

Slough and CCCWD Pumping P lan t  No. 1. These d i f fe rences  a r e  due 

t o  a g r i c u l t u r a l  r e t u r n  flows ( RT Vol. N, pp. 175-177; Department 

Exhib i t s  10a, lob, 10c) (See page VII-3 f o r  discussion of a c t i o n  

concerning t h e  a g r i c u l t u r a l  r e t u r n  flow problem). There i s  no 

requirement t h ~ t  t h e  q u a l i t y  of t h i s  s u b s t i t u t e  supply be maintained 

consecutively f o r  t h e  e n t i r e  per iod shown i n  Table VI-1 ,  but it 

must be provided i n  i n t e r v a l s  of a t  l e a s t  two weeks duration. When- 

ever  u s e r s  i n  the  v i c i n i t y  of Antioch e l e c t  t o  s a t i s f y  t h e i r  vested 
- 

water r i g h t s  through o f f  shore suppl ies ,  compliance w i l l  be measured 

a t  e i t h e r  Pumping Plant  No. 1 o r  Antioch, provided t h a t  the  dura- - 
- - 

t i o n a l  requirement i s  s a t i s f i e d .  

The Department has proposed a  Contra Costa Canal In take  ( ~ o c k  Slough 

a t  Old River) standard which would allow g r e a t e r  v a r i a t i o n  i n  the  

per iod when the  150 m g / l  ch lor ide  l e v e l  is  provided, e spec ia l ly  

during d r i e r  years  ( ~ e ~ a r t m e n t ' s  Closing Br ief ,  p. 31). Under t h i s  



proposal, t h e  150 m g / l  chlor ide l e v e l  would be provided more than 

65% of t h e  time on an annual o v e r a l l  average assuming the  h i s t o r i c a l  

occurrence of year  types. The annual o v e r a l l  average f o r  the  pro- 

posed Rock Slough standard shown i n  Table V I - 1  is  53$. Even though 

t h e  Department's proposal provides f o r  a  g r e a t e r  average annual 

occurrence of high q u a l i t y  water a t  Rock Slough and t akes  b e t t e r  

account .of low water supply conditions,  t h i s  proposal w a s  not  

se lec ted  as a standard s ince  it would not  provide a  s u b s t i t u t e  

supply equivalent  t o  t h a t  ava i lab le  offshore a t  Antioch during dry 

and c r i t i c a l  years. The Board has concluded t h a t  Rock Slough water 

q u a l i t y  l e v e l s  should not go below t h i s  minimum. 

City of Val lejo In take  (Cache Slough) 

The City of Val le jo  has  an appropriat ive r i g h t  t o  d i v e r t  water a t  

Cache Slough f o r  use outs ide the  Delta. Riparian uses  and e a r l i e r  

p r io r iky  appropriat ions elsewhere i n  the  Sac ramento Basin l i m i t  

the  a v a i l a b i l i t y  of water f o r  exerc ise  of t h i s  r i g h t  i n  c r i t i c a l l y  

dry years. The previous water q u a l i t y  s tandards f o r  Cache Slough 

provided a maximum t o t a l  dissolved s o l i d s  l i m i t  of 250 m g / l  (100 

m g / l  chlor ide) .  However, da ta  from 1972 t o  1976 shows t h a t  t h i s  

standard has been met o n l y , h a l f  of t h e  time and t h a t  it is  o f t en  

exceeded during periods of high Delta inf low and outflow. This 

suggests t h ~ t  l o c a l  r e t u r n  drainsge a f f e c t s  t h i s  a rea*s  water - - 

q u a l i t y  more d i r e c t l y  than p r o j e c t  operations.  Also, sa l twa te r  

i n t r u s i o n  during 1977 d id  not appear t o  inf luence s i g n i f i c a n t l y  

water q u a l i t y  i n  the  v i c i n i t y  of Cache Slough. The 250 m g / l  

chlor ide l i m i t  proposed i n  t h i s  p lan  w i l l  p r o t e c t  t h i s  supply f o r  



municipal uses  i n  accordance with Sect ion 64473 of T i t l e  22, 

Ca l i fo rn ia  Administrative Code. 

Although current  operat ions of t h e  p r o j e c t s  do not  seem t o  s igni -  
- 

f i c a n t l y  a f f e c t  water q u a l i t y  a t  t h e  Ci ty  of Valle jo Intake,  f u t u r e  

a c t . i v i t i e s  of t h e  p r o j e c t s  might adversely a f f e c t  t h i s  qual i ty .  - - 
Therefore, t h e  C i ty  of Val le jo  In take  s t andard .  w i l l  be included 

i n  t h e  water r i g h t  permits  of t h e  Department and Bureau. 

C l i f t o n  Court and Tracy Pumping Plant  

Diversions from Delta channels f o r  municipal and i n d u s t r i a l  uses  

outs ide t h e  Delta occur a t  C l i f ton  Court and Tracy Pumping Plant. 

Consistent with t h e  chlor ide  limits f o r  dr inking water  discussed 

previously, a maximum of 250 m g / l  ch lor ide  i s  included a s  t h e  

water q u a l i t y  s tandard a t  these  locat ions.  However, water supply 

con t rac t s  of the SWP and CVP presen t ly  requi re  b e t t e r  water qual i ty .  

Thus, water q u a l i t y  a t  the  p r o j e c t  export  f a c i l i t i e s  w i l l  be s igni -  

f i c a n t l y  b e t t e r  than t h a t  provided by the  water q u a l i t y  s tandards 

e s t ab l i shed  i n  t h i s  p lan  as a r e s u l t  of p r o j e c t  operations.  



Table VI-1 
WATER QUALITY STANDARDS 

FOR THE SACRAMENTO-SAN JOAQUIN DELTA AND SUISUN MARSHY 

BENEFICIAL USE PROTECTED PARAMETER DESCRIPTION YEAR  TYPE^ VALUES 
and LOCATION 

MUNICIPAL and INDUSTRIAL 
Chloride Maximum Mean Daily CI' 

in mgll 
Contra Costa Canal lntake 
at Pumping Plant No. 1 

Chloride Maximum Mean Daily 150 mgll 
Chloride for at least the number 
of days shown during the 
Calendar Year. Must he provided 
In intervals of not less than 
two weeks duration. (% of Year 

'shown In parenthesis) 

Number of Days Each Calendar Year 
Less than 150 mgll Chloride 

- 
Contra Costa Canal lntake 
at Pumplng Plant No. 1 

or 
Antioch Water Works lntake 
on Sen Joaquin Rlver 

" - 
Wet 240 (661) 
Ab. Normal 190 (52%) 
81. Normal 175 (48%) 
DW 165 (45o/p) 
Crltlcal 155 (42%) 

A 11 250 City of Valleio lntake 
at Cache Slough 

Chloride Maximum Mean Dally CI' 
In mgll 

Cllfton Court Forebay lntake 
at West Canal 

Chlorlde Maximum Mean Daily C r  
in mg/l - 

Chloride Maximum Mean Dally CI' 
in mg/ I 

Al l  250 Delta Mendota Canal 
at Tracy Pumping Plant 

AGRICULTURE 0.45 EC EC from Date 
April 1 to Shown 3.' to 
Date Shown Aug. 15 WESTERN DELTA 

Emmaton on the 
Sacramento River 

Electrical Maximum 14-day Running 
Conductlvlty Average of Mean Dally 

EC in mmhos 
Wet 
A b. Alormal 
El. Normal 
Dry 
Critical 

Aug. I 5  
July 1 
June 20 
June 15 - 
Aug. 15 
Aug. 15 
Juqe 20 
June 15 - 

Jersey Point on the 
San Joequln River 

Electrical Maximum 14-day Running 
Conductivlty Average of Mean Dally 

EC In mmhos 

Wet 
Ab. ~o rma l '  
El. Normal 
Dry 
Crltical 

INTERlOR DELTA 
Terminous on the 
Mokelumne Rlver 

Electrical Maximum 14-day Running 
Conductivity Average of Mean Daily 

EC in mmhos 

Wet Aug. 15 -- 
Ab. Normal Aug. 15 - 
BI. Normal Aug. 15 -- 
Dry Aug. 15 -- 
Critical - 0.54 

San Andreas Landing on the 
San Joequin River 

Electrical Maximum 14-day Running 
Conductivlty Average of Mean Daily 

EC in mmhos 

Wet Aug. 15 -- 
Ab. Normal Aug. 15 -- 
El. Normal Aug. 15 -- 
Dry June 25 0.58 
Crit ical -- 0.87 v 

SOUTHERN DELTA 
Vernalis on the 
San Joaquin Rlver 

- - 
Total Maxlmum 30-day Running 
Dissolved Average of Mean Dally 
Sollds TDS In mgll 

A l l  (after New 
Melones 
Resewolr be- 
comes opera- 
tional and unti l  
the standards 
below become 
effective) 

Apr. 1 to Sept. I to 
Aug. 31 March 31 

Tracy Road Bridge on Electrical Maximum 30-day Running 
Old River Conductlvlty Average of Mean Daily 

Old River near Middle River EC in mmhos 

Erandt ~ i i d ~ e  on 
San Joaquin River 

A l l  (to become 0.7 1.0 
effective only 
upon the com- 
pletion of suit- 
able circulation 
and water 8 pply 
tacilities, 4' 

Vernalis on San Joaquin River 



Table VI-1 
WATER QUALITY STARDARES 

FOR THE SACRAMENTO-SAN JOAQUIN DELTA AND SUISUN  MARSH^ 
BENEFICIAL USE PROTECTED PARAMETER DESCRIPTION YEAR  TYPE^ VALUES 

and LOCATION 

FISH AND WILDLIFE 
STRIPED BASS SPAWNING 

Prisoners Point on the 
San Joaquin Rlver 

Average of mean daily EC for Al l  
the period not to exceed 

April 1 to May 5 
0.550 mmhos 

Electrical 
Conductivity 

Average of the dally Delta A l l  . 
outflow index for the ~er lod ,  

Aprll 1 to April 14 
6700 cfs 

Chipps lsland Delta Outflow 
lndex in cfs 

not less than 

Antloch Waterworks Intake 
on the San Joaquin Rlver 

Electrical 
Conductlvity 

Electrical 
Conductivity 
(Relaxation 
Provision - 
replaces the 
above Antioch 
and Chlpps 
lsland Sten- 
d a d  whenever 
the projects 
impose 
deficiencies in 
tirrn supplies 51 

Average of mean daily EC for RII 
the period, not more than 

April 15 to May 5 
1.5 mmhos 

Antloch Waterworks Intake Average of mean daily EC for A l l  - Total Annual Imposed Aprll 1 to May 5 
the perlod, not more than the whenever Deficiency MAF EC in mmhos 
values corresponding to the the proJects 
aeficiencies taken (linear impose 0 1.5 
Interpolation to be used to In firm - 0.5 1.9 
determine values between supplies 5' 1.0 2.5 
those shown) 1.5 3.4 

2.0 4.4 
3.0 10.3 
4.0ormore 25.2 

e STRIPED BASS SURVIVAL 
Chipps lsland Delta Outflow 

lndex in cfs 
Average of the dally Delta May 6-31 June July 
outflow Index for each period Wet 14,WO 14.000 70,000 
shown not less than Ab. Normal 14,000 10,700 7,700 

BI. Normal 11.400 9,500 6.500 
Subnormal 
S nowmelt 6,500 5,400 3,600 

~ r y  61 4,300 3.600 3,200 
D 7lor  

~ r i t l c a l  3.300 3,100 2,900 

SALMON MIGRATIONS 

Feb. 1- War.16- 
Mar. 15 June 30 

Wet 
Ab. Normal 2,500 2,000 3,000 
81. Normal 2,500 2,000 3,000 

DFrR;ca~ 1,500 1,000 2,000 

Rio Vista on the Computed net 
Sacramento River stream flow 

In cfs 

Minimum 30-day running 
average of mean daily 
net flow 

Sept. 1- 
July Aug. Dec. 31 

Wet 3,000 1,000 5,000 
A h  Normal 2,000 1,000 2,500 
BI. Normal 2,000 1,000 2,500 
Dry or 

Critical - 
0 SUISUN MARSH 

Chipps ls landat Electrical 
0 8 A  Ferry Landing Conductivity 

Jen.-.l#av.. 0ct.-Dec. 
Maximum 28-day runnlng Bet 12.5 mmhos 12.5 mmhos - ' 

average of mean daily EC Ab. Normal 12.5 mmhos 12.5 mmhos 
BI. Normal 12.5 mmhos 12.5 mmhos 
Dry or 

Crit ical 12.5 mmhos 15.6 mmhos 
(The 15.6 mmhos EC Standard applies 
only when prolect water users are taking 
deficiencies in scheduled water supplies 
otherwise the 12.5 mmhos EC remains 
in effect.) 

Chipps lsland Delta Outtlow 
lndex in cfs 

Average of the daily Wet 
Delta outflow index for 
each month, not less than Subnormal 
values shown Snowmelt 

February-May 
10.000 cts 

February-A pril 
10,000 c h  

Minimum dally Delta Ab. Norm. and 
outflow index for 60 61. Norm. 
consecutive days In 
the period 

January-April 
12.000 cfs 



Table VI-1 
lATER QUALITY STANDARDS 

FOR THE SACRAMENTO-SAN JOAQUIN DELTA. AND SUISUN M A R S H ~  

BENEFICIAL USE PROTECTED PARAMETER DESCRIPTION YEAR TYPE& VALUES 

and LOCA TION 

FISH AND WILDLIFE 
.. 

SUISUN MARSH 

Chipps Island (continued) Delta Outflow Average of the dally Delta A l l  ( i f  greater 
Index in cfs outflow index for each month, flow not required 

not less than values shown by above stan- 
-. . dard ) -whenever 

storage i s  at or 
above the mlnl- 
mum level in the 
flood control 
reservation en- 
velope at two out 
of three of the 
following: Sh8Sta 
Reservoir, Oroville 
Reservoir, and CVP 
storage on the 
American River 

Coll insvll le on Sacramento E I ~ ~ ~ ~ ~ ~ ~ I  The monthly average of both A l l  - t o  become 
River (C-2) Conductivity dally high tlde values not effective 

to exceed the values shown Oct. 1, 1984 
Miens Landing on Montezuma (or demonstrate that equiva- 
Slough (S-64) lent or better protection w i l l  

Moatezuma Slough at  Cutoff 
be provided at the location) 

Slough (S-48) 

Montezuma Slough near mouth 

Suisun Slough near Volanti 
Slough (S-42) 

Suisun Slough near mouth (S-31) 

Goodyear Slough south 
of Pierce Harbor (S-35) 

Cordella Slough above 
S. P. R.R. (S-32) 

OPERATIONAL CONSTRAINTS 

Minimize diversion of Dlversions The mean monthly diversions Al l  
young striped bass from In cfs from the Delta by the State 
the Delta Water Pmiect (Department) 

not to exceed the values 
shown. 
The mean monthly dlverslons 
from the Delta by Ute Central A l l  
Valley Proiect (Bureau), not 
to exceed the velues shown 

Minimize diversion of 
Ywng striped bess into 
Central Delta 

Mlnimize cross Delta move- 
ment of Salmon 

Closure of Delta cross channel A l l  - whenever 
gates for up to 20 days but no the dally Delta 
more than two out of four outflow ind.ex 
consecutive days at the dis- is  greater than 
cretlon of the Department of 12,000 cfs 
Fish and Game upon 12 hours 
notice 

Closure of Delta Cross Channel All 
gates (whenever the daily 
Delta outflow lndex is 'greater 
than 12,000 cfs) 

Jan.-May 
6,600 cfs 

EC In 
Month mmhos -- 

Oct. 19.0 
Nov. 15.5 
Dec. 15.5 
Jan. 12.5 
Feb. 8.0 
Mar. 8.0 
Apr. 11.0 
May 11.0 

Mav June July 
3.000 3,000 4,600 

Mav June 
3,000 3.000 

Jan. 1-April 15 



Table VI-1 
WATER QUALITY STANDARDS 

FOR THE SACRAMENTO-SAN JOAQUIN DELTA AND SUlSUN MARSH 

FISH PROTECTIVE FACILITIES 

Maintain appropriate records of the numbers, sizes, kinds of fish salvaged and of water export rates and fish 
facility operations. 

STATE FISH PROTECTIVE FACILITY 

The facility i s  to be operated to meet the following standards to the extent that they are compatible with water 
export rates: 

(a) King Salmon - from November through May 14, standards shall be as follows: 
( 1) Approach Velocity - 3.0 to 3.5 feet per second 
(2) Bypass Ratio - maintain 1.2:l.Q to 1.6:l.O ratios in both primary and secondary channels 
(3) Primary Bay - not critical but use Bay B as first choice 
(3) Screened Water System - the velocity of water exiting from the screened water system is  not to exceed 

the secondary channel approach velocity. The system may be turned off at the discretion of the operators. 

(b) Striped Bass and White Catfish - from May 15 through October, standards shall be as follows: 
(1) Approach Velocity - in both the primary and secondary channels, maintain a velocity as close to 1.0 

feet per second as is possible 
(2) Bypass Ratio 

(i) When only Bay A (with .center wall) is in operation maintain a 1.2:l.O ratio 
( i i )  When both primary bays are in operation and the approach velocity i s  less than 2 5  feet per second, 

the bypass ratio should be 1.5:l.O 
( i i i )  When only Bay B is operating the bypass ratio should be 1.2:l.O 
(iv) Secondary channel bypass ratio should be 1.2:l.O for al l  approach velocities. 

(3) Primary Channel - use Bay A (with center wall) in preference to Bay B 
(4) Screened Water Ratio - if the use of screened water is necessary, the velocity of water exiting the 

screened water system i s  not to exceed the secondary channel approach velocity 
(5) Clifton Court Forebay Water Level - maintain at the highest practical leveli 

TRACY FlSH PROTZCTIVE FACl L I T Y  
The secondary system is to be operated to meet the following standards, to the extent that they are compatible 
with water export rates: 
(a) The secondary velocity should be maintained at 3.0 to 3.5 feet per second whenever possible from February 

through May while salmon are present 
(b) To the extent possible, the secondary velocity should not exceed 2.5 feet per second and preferably 1.5 feet 

per second between June 1 and August 31, to increase the efficiency for striped bass, catfish, shad, and other 
fish. Secondary velocities should be reduced even at the expense of bypass ratios in the primary, but the ratio 
should not be reduced below 1:l.O 

(c) The screened water discharge should be kept at the lowest possible level consistent with its purpose of 
minimizing debris in the holding tanks 

(dl The bypass ratio in the secondary should be operated to prevent excessive velocities in the hdding tanks, but 
in no case should the bypass velocity be less than the secondary approach velocity. 

- 

FOOTNOTES 
1( Except for flow, al l  values are for surface zone measurements. Except for flow, all mean daily values are Sased 

,. on at least hourly measurements. Al l  dates are inclusive. 
21' The year type shall be detemined as described in FIGURE 1 1  - I .  The type determined for any year shall remain 

in effect until the February forecast for Bulletin 120 or until an earlier estimate becomes available. 
When no date is shown in the adjacent column, EC limit in this column begins on April 1. 

91 If contracts to ensure such faci l i l ies and water supplies are not executed by January 1, 1980, the ~ o a r d  wi l l  take 
appropriate enforcement actions to prevent encroachment on riparian rights in the southern Delta, 
For the purpose of this provision firm supplies of the Bureau shall be any water the Bureau is legally obligated 
to deliver under any CVP contract of 10 years or more duration, excluding the Friant Division of the CVP, subjec- 
only to dry and critical year deficiencies. Firm supplies of the Department shall be any water the Department 
would have delivered under Table A entitlements of water supply contracts and under prior. right settlements had 
deficiencies not been imposed in that dry or critical year. 

A/ Dry year following a wet, above normal or below normal year. 
1/ Dry year following a dry or critical year. 

Scheduled water supplies shall be firm supplies for USER and DVJR plus additional wafer ordered from DWR by a 
contractor the previous September, and which does not exceed the ultimate annual entitlement for said contractor. 

NOTE: EC values are mmhos/cm at 25'~. 

n-3 5 



CHAPTER V I I  

PROGRAM OF IMPLEMENTATION 

Although t h e  implementatLon program contained here in  has been 

developed pr imar i ly  f o r  the  next 10 years,  the  Board recognizes 

t h a t  the  s t a t e  and f e d e r a l  agencies responsible f o r  water develop- 

ment a r e  considering a d d i t i o n a l  p r o j e c t  ' f a c i l i t i e s  and operat ing 

agreements t o  s a t i s f y  the  water  demands of the  s t a t e  beyond t h e  

ef fec t ive  per iod of t h i s  plan. 

The program contains  not  only t h e  con t ro l  ac t ions  necessary f o r  

implementation of t h e  plan, but a l s o  o f f e r s  pol icy  ass i s t ance  t o  

the  p ro jec t  operators  f o r  use i n  t h e i r  long-range planning a c t i -  

v i t i e s .  Y 

I n  addi t ion,  a monitoring program t o  a s sess  the  e f fec t iveness  of 

the  plan i n  p ro tec t ing  benef i c i a l  uses  i s  included. 

A. CONTROL ACTIONS 

S t a t e  Water Resources Control Board 

8 A t  t he  time it adopts t h e  f i n a l  water q u a l i t y  con t ro l  plan, the  

Board w i l l  adopt a corresponding water r i g h t  dec is ion  amending 

The Board has determined t h a t  the re  would be no s t a t e  mandate 
f o r  a new program o r  increased l e v e l  of serv ice  on any u n i t  
of l o c a l  government a s  a  r e s u l t  of the  Board's adoption of 
t h i s  p lan  because it i s  not  an executive regula t ion  pursuant 
t o  Sect ion 2209 of the  Revenue and Taxation Code. 



terms and condit ions f o r  permits i ssued  f o r  SWP and CVP. Such 

terms and condit ions w i l l  supplement the  relevant  provis ions  of 

t h i s  plan. However, a s e r i e s  of o t h e r  ac t ions  by t h e  Board will 

be required i n  order  t o  implement the  p lan  more f u l l y  and resolve 

a l l  t he  concerns which cannot now be f u l l y  addressed f o r  var ious 

reasons. 

Adoption of Water Right Decision. The water r i g h t  dec is ion  t o  

accompany f i n a l  p lan  adoption w i l l  r equi re  t h e  maintenance of the  

s a l i n i t y  and o the r  s t andards .  of this plan  through amendments i n  

t h e  form of terms and condit ions i n  SWP and CVP water  r i g h t  permits  

- i d e n t i f i e d  i n  Chapter.1.  These terms and condit ions a re  i n  accord- 

ance with t h e  j u r i s d i c t i o n  reserved by the  Board i n  t h e  sub jec t  

permits  t o  formulate terms and condit ions r e l a t i v e  t o  s a l i n i t y  con- 

t r o l ,  p ro tec t ion  of f i s h  and w i l d l i f e ,  and coordinat ion of terms 

and condit ions of t h e  respect ive  permits  f o r  t h e  SWP and CVP. I n  

view of t h e  near-term focus of t h i s  decision, the  Board w i l l  

continue t h e  reserved j u r i s d i c t i o n  contained i n  these  permits. 

Water Quality Action. Exis t ing  and p o t e n t i a l  s a l i n i t y  problems 

associa ted  with drainage from i r r i g a t e d  agr i cu l tu re  i n  the  San 

Joaquin Valley a re  under study i n  the  Interagency Drainage Pro- 
C 

gram, i n  which the  Board is p a r t i c i p a t i n g  with t h e  Department and - 



Bureau. Achievement of the  program1 s goals  w i l l  require  success- 

f u l  so lu t ion  t o  the  problem of d isposa l  of increas ing  volumes of 

-high-sal ini ty  _ drainage. 

Under Sect ion 208 of t h e  Federal  Water Po l lu t ion  Control Act 

Amendments of 1972 (PL 92-500), t h e  Board i s  evaluat ing t h e  ef- 

f e c t s  of i r r i g a t i o n  re tu rn  flow on water qual i ty ,  and is working 

t o  develop b e s t  management p r a c t i c e s  where appropriate  t o  reduce 

detr imental  e f fec t s .  Two s p e c i f i c  a r e a s  previously mentioned i n  

t h i s  p lan  t h a t  a r e  a f f e c t e d  by such drainage a r e  the  Cache Slough 

and Rock Slough areas.  Both a r e  sources of municipal and indus- 

t r i a l  supplies.  The Board i n  conjunction with the  Ca l i fo rn ia  

Regional Water Q u a l i t y  Control Board, Cent ra l  Valley Region, w i l l  

pursue the  determination of appropriate  management p r a c t i c e s  and 

take prompt ac t ion  designed t o  reduce the  de t r imenta l  e f f e c t s  on 

water q u a l i t y  of these  r e tu rn  flows. 

Ongoing Review. To the  extent  of i ts  author i ty ,  t h e  Board w i l l  

monitor and review cont rac t  negot ia t ions  among the  Bureau, Depart- 
b 

ment and Delta water i n t e r e s t s .  The Board w i l l  annually review and 
* 

modify, i f  necessary, t h e  monitoring program s e t  f o r t h  i n  t h i s  - 
- - 

chapter  t o  ensure t h a t  t h e  program i s  achieving i ts intended pur- 

pose. The Board w i l l  ensure t h e  coordination of the  var ious ef- 

f o r t s  of s t a t e ,  f e d e r a l  and l o c a l  agencies t o  minimize dupl icat ion.  



Department of Water Resources and U. S.  Bureau of Reclamation 

To the  f u l l  ex tent  of t h e i r  opera t ional  c a p a b i l i t i e s ,  the  Depart- 

ment and Bureau a r e  responsible f o r  meeting the  water  q u a l i t y  

s tandards of t h i s  plan. d A s  s t a t e d  above, these  water q u a l i t y  

s tandards w i l l  be incorporated i n  t h e i r  respect ive  water r i g h t  

permits. 

Suisun Marsh F a c i l i t i e s .  A s  s t a t e d  i n  Chapter V I ,  a d d i t i o n a l  

f a c i l i t i e s  a r e  needed i n  Suisun Marsh t o  mi t iga te  cur rent  impacts 

. a t t r i b u t a b l e  d i r e c t l y  t o  t h e  operat ion of the  CVP and SWP. These 

mi t iga t ion  f a c i l i t i e s  have the  c a p a b i l i t y  t o  f u l l y  p r o t e c t  t h e  

Marsh as s e t  f o r t h  i n  F ish  and Game Exhibit  11, page 13, i n  a l l  

but extremely c r i t i c a l  years. I n  view of t h i s  and t h e  extremely 

l a rge  Delta  outflows t h a t  would be required t o  f u l l y  p r o t e c t  t h e  

Marsh s o l e l y  with outflow ( a s  would be t h e  case u n t i l  such f a c i l i -  

t i e s  a r e  constructed) ,  in t e r im standards a r e  adopted which 

guarantee only p a r t i a l  p ro tec t ion  of t h e  Marsh i n  yea r s  of low 

runoff and p r i o r  t o  cons t ruc t ion  and operat ion of the  phys ica l  

f a c i l i t i e s .  

A s  provided by Sect ion 13247 of t h e  Water Code, the  Depart- A 

ment is required t o  comply with water q u a l i t y  con t ro l  p lans  
adopted by the  Board. Also, it i s  t h e  S t a t e ' s  p o s i t i o n  - 
t h a t  t h e  Federal  Water Po l lu t ion  Control Act (PL 92-500 a s  - - 

amended i n  1977 by PL 95-21?) requi res  t h e  Bureau t o  comply 
with such water q u a l i t y  con t ro l  plans.  I n  addi t ion ,  the  
Department and Bureau must comply with terms and condit ions 
i n  t h e i r  water r i g h t  permits. 



Protec t ion  of the  Marsh i s  a mi t iga t ion  r e s p o n s i b i l i t y  of both t h e  

SWP and CVP. For t h i s  reason, the  Department and Bureau sha l l :  

1. Develop a p lan  f o r  Suisun Marsh by Ju ly  1, 1979, i n  

cooperation with o t h e r  agencies which w i l l  ensure t h a t  t h e  
* 

standards i n  Table V I - 1  f o r  f u l l  p ro tec t ion  of t h e  Marsh a re  

met. Such p lan  must be s a t i s f a c t o r y  t o  the  Board and s h a l l  - 
include appropriate  EIR/EIS documentation,. a monitoring net- 

work, physical  f a c i l i t i e s ,  operat ing and management procedures, 

and assurances t o  r e s t o r e  and maintain Suisun Marsh pr imari ly  a s  

a brackish water marsh capable of producing high-quality feed  

and h a b i t a t  condi t ions f o r  waterfowl and o the r  marsh-relsrted 

w i l d l i f e  using bes t  p r a c t i c a l  manzgement p rac t i ces .  

2. Implement f u l l y  such Suisun Marsh plan by October 1, 1984. 

Under t h i s  p lan  water q u a l i t y  s tandards f o r  f u l l  p ro tec t ion  of 

Suisun Marsh s h a l l  be met no l a t e r  than October I, 1984.. 

3 .  Implement i n i t i a l  components of t h e  Suisun Marsh plan, 

on which t h e r e  i s  general  agreement by a f f e c t e d  p a r t i e s ,  t o  achieve 

the  following goals  by January 1, 1980: 

o Conveyance and de l ivery  of water from Montezuma 

Slough t o  wetland a reas  on Grizzly, Simmons, 

Wheeler, Dutton, Van Sickle,  and Hammond I s l ands  - - 

which a re  p resen t ly  flooded with water from 

Honker, Suisun and Grizzly Bays. 

o Conveyance and de l ivery  of water from Goodyear 

Slough t o  c e r t a i n  adjacent  wetland a reas  and 

provis ion of outflow from Goodyear Slough i n t o  

e i t h e r  Grizzly o r  Suisun Bays. 



4.. Report t o  t h e  Bosrd on January 15 of each y e a r  on 

progress  toward implementation of mi t iga t ion  f a c i l i t i e s .  

Southern Delta. The current  negot ia t ions  between t h e  p r o j e c t  

operators  and t h e  South Delta Water Agency concerning t h e  con- 

s t r u c t i o n  of phys ica l  f a c i l i t i e s  t o  provide adequ,ate c i r c u l a t i o n  

in  t h e  southern Delta a r e  discussed i n  Chapter V I .  These nego- 

t i a t i o n s  appear t o  be d i rec ted  toward t h e  most p r a c t i c a l  s o l u t i o n  

f o r  long-term pro tec t ion  of southern Delta a g r i c u l t u r e  and should 

be concluded as soon a s  prac t icable ,  a t  l e a s t  by January 1980. 

I n  view of i t s ' impor tance ,  t h e  ~ e p a r t m e n t  and Bureau should repor t  

t o  t h e  Boerd on t h e  s t a t u s  and progress  of nego t i s t ions  every s i x  

months beginning January 1, 1979. If t h e  agreement i s  not  executed 

by January 1, 1980, the  Board w i l l  examine i n  d e t a i l  southern Delta  

water r igh t s ,  determine t h e  causes and sources of any encroach- 

ment, and take  appropriate  a c t i o n  t o  t h e  ex ten t  of t h e  Board's 

authori ty .  

Improvements i n  Delta Outflow D.etemination. -Recent experience 

has shown t h a t  as a r e s u l t  of t h e  complexity of t h e  Del ta  hydrologic 

system continuing and va r i ab le  operat ing problems a r i s e  i n  sustain-  ' 

i n g  Delta  water q u a l i t y  standards. P a r t  of t h e  d i f f i c u l t y  r e l a t e s  - - 
t o  the  mix of es t imates  and measurements. I n  order  t o  assure corn; - 

pl iance  with standards,  t h e  ~ e ~ a r t m e n t  and Bureau must improve t h e  

accuracy of Del ta  outflow determinations, e i t h e r  through improved 

measurement techniques o r  a refinement of t h e  inpu t s  t h a t  a r e  used 

t o  compute the  Del ta  Outflow Index. Also, t o  ensure compliance 

with t h e  Rio V i s t a  flow requirement a method of measuring o r  



est imating t h a t  flow must be developed. The Bureau and Department 

should ' report  t o  the  Board by January 1, 1979 on t h e  methods t o  be 

used i n  determining flows p a s t  Rio Vista and improving accuracy 

of Del ta  outflow es t imstes  o r  on s t u d i e s  t o  be commenced by t h a t  

da te  t o  determine such procedures. Concurrently, the  Department 

and Bureau s h a l l  repor t  annually on methods f o r  making p rec i se  

p ro jec t ions  of s a l i n i t y  d i s t r i b u t i o n  i n  t h e  Delta under varying 

inflow, outflow and export  conditions. These s a l i n i t y  d i s t r i b u t i o n  

p ro jec t ions  a re  necessary p red ic t ive  t o o l s  f o r  ana lys i s  of a l t e r n a t e  

opera t ional  schemes, including poss ib le  near-term provis ion of 

suppl ies  t o  some a g r i c u l t u r a l  a reas  i n  the  Delta f o r  water conserva- 

t i o n  purposes. Reports on t h e  progress  of these  a c t i v i t i e s  should 

be made ava i l ab le  t o  the  Board annually. 

Coordinated Pro.iect Operations. An e a r l y  long-term operat ions agree- 

ment between the  Department and t h e  Bureau i s  e s s e n t i g l  f o r  proper 

management of Del ta  water resources f o r  water q u a l i t y  con t ro l  .and 

p r o j e c t  operation. The p a r t i e s  should work d i l i g e n t l y  t o  f i n a l i z e  

such an agreement as soon a s  possible.  

Hydrologic Studies.  The hydrologic experience of t h e  dry cycle 

beginning i n  1976 w i l l  be evaluated by the  Depsrtment and Bureau 

t o  determine i f  y i e l d  es t imates  of t h e  SWP and CVP have been 

affected.  It may not be appropriate  t o  continue t o  est imate - - 

del ivery  c a p a b i l i t i e s  of the  p r o j e c t s  on t h e  b a s i s  of t h e  1928-1934 

dry cycle. 

B. MONITORING PROGRAM 

A c a r e f u l l y  designed monitoring program i s  necessary t o  determine 

compliance with a water q u a l i t y  con t ro l  plan. The following program 



provides f o r  c o l l e c t i o n  of t h e  da ta  necessary t o  measure compliance 

with t h e  water  q u a l i t y  standards.  Also, t h i s  program o u t l i n e s  t h e  

s p e c i a l  s t u d i e s  o r  monitoring surveys t h e t  a r e  needed t o  help address 

t h e  major concerns t h a t  cannot confident ly be resolved due t o  l ?ck  
w 

of data. The monitoring program s e t  f o r t h  below i s  needed pr imar i ly  

t o  ensure t h a t  cur rent  and proposed p r o j e c t  operat ions of the  CVP - 

and SWP maintain t h e  water q u a l i t y  s tandards  i n  t h i s  plan. The 

program is based upon t h e  Department's recommendations, but  t h e  

program w i l l  have t o  be implemented cooperat ively by both the  De- 

partment and Bureau ( Department ' Exhibit  11-22).   he Department 

and Bureau w i l l  be required t o  do so  through condit ions i n  t h e i r  

respect ive water r i g h t  permits cu r ren t ly  before t h e  Board i n  t h i s  

proceeding. 

The Board w i l l  a s s i s t  i n  seeing t h a t  these  program a c t i v i t i e s  a r e  

coordinated with t h e  a c t i v i t i e s  of o the r  agencies t o  minimize 

dupl ica t ion  and t o  enhance t h e  usefulness  of the  da ta  co l l ec ted  

and s tudy r e s u l t s .  The da ta  and s tudy r e s u l t s  should be made - 

ava i l ab le  t o  t h e  Board and i n t e r e s t e d  p a r t i e s  upon request. 

. 
Design of a monitoring program t h a t  maintains i ts  e f fec t iveness  

., 
through time is  d i f f i c u l t .  A monitoring program must be s u f f i -  - 

c i e n t l y  f l e x i b l e  t o  respond t o  advances i n  knowledge of the  system 

being studied. Consequently the  monitoring program places  s p e c i a l  

emphasis on the  genera l  goals  t o  be accomplished. The compliance 

monitoring and s p e c i a l  s t u d i e s  a r e  designed t o  accomplish these  



goals. If it becomes apparent t h a t  t h e  general  goals  a r e  not 

being achieved through the  monitoring program o r  i f  some of the  

data  proves t o  be of minor value, the  Department and the  Bureau 

should propose appropriate  modifications f o r  the  concurrence of 

* the  Board. Progress r epor t s  summarizing the  previous year ' s  

f indings  and d e t a i l i n g  f u t u r e  study p lans  should be made t o  t h e  
- 

Board each year. 

The goals  and the  monitoring program t o  accomplish them can be 

divided i n t o  two genera l  areas:  compliance monitoring and s p e c i a l  

s tudies .  

Compliance Monitoring Goals 

o Ensure compliance with e x i s t i n g  water q u a l i t y  stand- 

a r d s  contained i n  t h i s  plan, 

o I d e n t i f y  meaningful changes i n  any s i g n i f i c a n t  water 

q u a l i t y  parameters p o t e n t i a l l y  r e l a t e d  t o  p ro jec t  

operations,  and 

o Reveal t r ends  i n  ecologica l  changes p o t e n t i a l l y  

r e l a t e d  t o  p r o j e c t  operations. 

Monitoring Ac t iv i t i e s .  A c t i v i t i e s  t o  accomplish these  goals: 



1. Operate and maintain continuous electrical conductivity 

recorders at the stations indicated in Table VII-1 and Figure VII-1 

to report mean daily water quality conditions representative of 

each location. 

2 .  Conduct the discrete sampling program shown in Figure 

VII-1 and Table VII-1 bound at the end of this chapter. The 

sampling frequency may vary as appropriate. When the monthly 

Delta Outflow Index is projected to average greater than 10,000 cfs,- 

the program operators may reduce the sampling frequency of the 

base parameters to once each month. When the outflow is below 

10,000 cfs the sampling frequency of base parameters should be 

increased to at least twice a month, if necessary, to achieve the 

monitoring goals. 

3. Conduct water quality profiles in the main navigation 

channels between Carquinez Strait on the west and Stockton and 

Rio Vista on the east, using a boat-mounted continuous recorder 

for the following parameters: Water temperature, electrical 

conductivity, pH, dissolved oxygen, turbidity, and -- in vivo - 
chlorophyll. 

4. Establish continuous recorders at representative stations 

in the Delta and Suisun Bay to collect information on air and 

water temperature, wind velocity and direction, pH, dissolved 



oxygen, t u r b i d i t y ,  and where f eas ib le ,  & vivo chlorophyll. 

These data  should be evaluated and cor re la t ed  with condi t ions 

a s  they e x i s t  i n  the  adjacent  main channels. 

5. Conduct ongoing ' and f u t u r e  monitoring surveys recommended 

by Fish  and Game and concurred i n  by the  Board concerning food 

chain re l a t ionsh ips  and f i s h e r i e s  impacts as they a re  a f fec ted  

by C W  and SWP operat ions i n  the  Del ta  and Suisun Marsh. 

Specia l  S tudies  Goal 

Develop a b e t t e r  understanding of t h e  hydrodynamics, water qua l i ty ,  

product iv i ty  and s i g n i f i c a n t  ecologica l  i n t e r a c t i o n s  of t h e  Del ta  

and Suisun Marsh so  t h a t  more accurate  p red ic t ions  of enviromental 

impacts r e l a t e d  t o  p r o j e c t  operat ions can be made. 

Ac t iv i t i e s .  To accomplish t h i s  goal: 

1. Conduct s p e c i a l  s t u d i e s  t o  meet s p e c i f i c  needs and t o  
I. 

take advantage of p a r t i c u l a r  circumstances where t h e  da ta  ob- 

t a ined  a r e  of s i g n i f i c a n t  value. Such s t u d i e s  would include 

but should not  be l imi ted  t o  f i s h  population and zooplankton . 

measurements, waterfowl food p l a n t  production measurements, 

in t ens ive  phytoplankton s tudies ,  t i s s u e  a n a l y s i s  of se lec ted  

bio3a, photosynthesis r a t e s ,  sediment p r o f i l e  and composition, 

and water veloci ty .  



2.  evel lop and improve water q u a l i t y  and b io log ica l  predic- 

t i v e  t o o l s  f o r  the  following a reas  of t h e  estuary:  

a. Western 'Delta and Suisun Bay area,  including 
Suisun Marsh 

b. San Francisco Bay t o  Golden Gate Bridge 
c. I n t e r i o r  Delta 

Enphasis should be plzced on improving the  understanding of flow/ 
- 

.salinity/phytoplankton re l a t ionsh ips  i n  t h e  western Delta,  and on 

inproving hydraul ic  c h a r a c t e r i s t i c s  i n  e x i s t i n g  models t o  represent  

more c lose ly  t r u e  channel c h a r a c t e r i s t i c s .  

3 .  P a r t i c i p a t e  i n  research s t u d i e s  described i n  s e c t i o n  C 

of t h i s  chapter. 

Reporting 

Provide t o  t h e  Board and o t h e r  i n t e r e s t e d  agencies upon request  r e s u l t s  

of the  above monitoring a s  soon a s  p rac t i cab le  following t h e  month 

during which t h e  monitoring was accomplished. Annual r e p o r t s  summari- 

zing t h e  previous calendar  year ' s  f indings  and d e t a i l i n g  f u t u r e  study 

p lans  s h a l l  be submitted t o  t h e  Board by January 15 of each year. 

Deta i led  r e p o r t s  containing t h e  previous yea r ' s  monitoring r e s u l t s  

s h a l l  be submitted by August 1 of each year. 
CI 

C. CHANGING CONDITIONS - 
The Del ta ' s  ecology and man's a c t i v i t i e s  r e l a t i n g  t o  it undergo change. 

This sec t ion  i d e n t i f i e d  a r e a s  of probable changes and seeks t o  provide - 

guidance f o r  t h e  longer  term, beyond t h e  e f fec t ive  per iod of t h i s  plan. 

The changing condit ions have been subdivided i n t o  two bas ic  categories:  

those having a p o t e n t i a l  s i g n i f i c a n t  impact on f u t u r e  p r o j e c t  f a c i l i -  

t i e s  and those which could have an impact on current  p r o j e c t  operations.  



Impact on Future F a c i l i t i e s  

Water development agencies i n  t h e  s t a t e  a r e  cu r ren t ly  planning 

s u b s t a n t i a l  new water f a c i l i t i e s .  A s  p a r t  of t h i s  planning pro- 

cess, these  agencies must make sound determinations of the  f i rm 

y i e l d  expected from such proposed f a c i l i t i e s .  These determinations 

a r e  based on t h e  operat ions of p o t e n t i a l  fu tu re  SWP and CVP f a c i l i -  

t i e s  over a  per iod of h i s t o r i c a l  hydrology. Theore t ica l  operation 

of these  f u t u r e  f a c i l i t i e s  i s  usua l ly  superimposed over t h e  1922-71 

hydrologic per iod with emphasis on t h e  seven yea r  dry cycle (1928- 

34). The y i e l d  of f u t u r e  f a c i l i t i e s  i n  t h e  Sacramento River Basin 

w i l l  depend l a r g e l y  on the  amount of unregulated flow ava i l ab le  f o r  

appropriat ion from t h i s  source. 

The f a c t o r s  l i s t e d  under t h i s  sec t ion  may g r e a t l y  a f f e c t  the  amount 

of unregulated flow ava i l ab le  f o r  f u t u r e  appropriation. I n  t h i s  

sec t ion  t h e  Board provides general  guidance on these  f a c t o r s  i n  

order  t o  assist  the  Department and the  Bureau i n  planning t h e i r  

a c t i v i t i e s  f o r  condi t ions s u b s t a n t i a l l y  beyond the  e f fec t ive  per iod 

of t h e  plan. 

r 

San Francisco Bay. Concerns were expressed by some hearing p a r t i -  * 

cipants  regarding t h e  poss ib le  adverse impacts on San ~ r a n c i s c o  Bay - 

and t h e  es tuary  i n  genera l  which might occur unless  s u f f i c i e n t  un- 

regulated Delta  outflows a re  reserved f o r  i ts  pro tec t ion  (RT Vole 

XXIII, p. 10; Vol. XXXIV, pp. 126-27, 140). The Board has a  



s t a t u t o r y  r e s p o n s i b i l i t y  t o  p r o t e c t  a l l  b e n e f i c i a l  uses  of water, 

including uses  of . t he  Bay. I n  determining t h e  amount of water 

ava i l ab le  f o r  appropriat ion,  t h e  Board must take  i n t o  account the  

amount of unregulated water needed t o  remain i n  t h e  source f o r  t h e  
.. 

pro tec t ion  of a l l  b e n e f i c i a l  uses  (water Code Sect ion 1243.5). 

Future p r o j e c t  f a c i l i t i e s  and increas ing  export  r a t e s  under e x i s t i n g  - _ 

water r i g h t  permits  could s u b s t a n t i a l l y  reduce t h e  quan t i ty  and f re-  

quency of f lush ing  and o the r  unregulated flows ava i l ab le  t o  San 

Francisco Bay. I n  making a l l o c a t i o n s  of t h e  remaining unregulated 

flows, cons idera t ion  must be given t o  t h e  outflow needs i n  San 

Francisco Bay. 

Unregulated outflows, p a r t i c u l a r l y  s h o r t  b u r s t s  mode r a t e  flows, 

have been found t o  have a s u b s t a n t i a l  e f f e c t  on hydraul ic  and s a l i n i t y  

condi t ions i n  the  Bay (RT Vol. XXXIV, pp. 116-127). T h i s  was de- 

termined through examination of outflow and s a l i n i t y  condi t ions from 

1939 t o  the  present  (per iod  f o r  which adequate outflow information 

i s  ava i l ab le ) .  I n  order  t o  br ing  about s i g n i f i c a n t  s a l i n i t y  changes 

i n  t h e  c e n t r a l  and south-central  por t ions  of t h e  Bay, an increase  i n  

outflow of about 10,000 c f s  ( o r  g rea te r )  occurring wi th in  f i v e  t o  
% 

t e n  days i s  necessary. However, t h e  Association of Bay Area Governments 

( A B A G ) ' ~ ~ ~  o the r s  who presented testimony on this sub jec t  indida ted  - - - - 

t h a t  cur rent  knowledge allows only q u a l i t a t i v e  i d e n t i f i c a t i o n '  of the  

l i k e l y  b e n e f i c i z l  e f f e c t s  of such flows. 

The -ecologica l  benefits .  of unregulpted ou t i lo~vs  and t h e  s a l i n i t y  

g rad ien t s  e s t ab l i shed  by them have been suggested t o  include the  



following: (1) alteration of the distribution and migrations of 

free-swimming organisms, (2) creation of counter-currents moving 

upstream along the bottom of the Bay which are hypothesized to be 

necessary for the brackish water migration of certain crab's and 

shrimps, and (3) transportation of young anadromous fish ahd 

maintenance of adequate food supplies (RT Vol. XXXIV, pp. 122- 

123). Until the necessary information quantifying the beneficial 

effects of such unregulated outflows is developed, the adoption 

of specific outflow standards by the Board for San Francisco Bay 

would be premature. 

In view of the fact that no additional project facilities are 

expected to be completed for at least ten years, current levels 

of unregulated Delta outflow should not be appreciably reduced 

during the effective period of this plan. Full consideration will 

be given to the unregulated outflow needs of San Francisco Bay in 

the Board's periodic review of the water quality standards in this 

plan. It is imperative that the necessary studies to determine 

the effects of these flows be initiated as soon as possible. In 

view of the pressing need for such studies, and in accordance with 
b 

Water Code Sections 13165 and 13163(b), the Department shall ini- 

- ate by October 1, 1979, the necessary studies to provide more com- 
- - 

> plete and reliable information regarding the outflow needs of . 

San Francisco Bay. The Board will work closely with the Depart- 

ment and other agencies to develop a comprehensive program identi- 

fying the scope of such studies by June 1, 1979.' Participation 

of interested agencies and consultants in the design, implementation 

and interpretation of these studies is essential. To ensure that 



an e f fec t ive  and meaningful program is  carr ied  out,  the  Board 

w i l l  coordinate the  a c t i v i t i e s  of agencies r e l a t ed  t o  ~ a y / ~ e l t a  

s tudies.  

The Board w i l l  ensure t h a t  t he  cos ts  of such s tudies  bear a 

.reasonable re la t ionsh ip  t o  t he  need f o r  them. 

I n  t he  meantime, t he  following policy guidance is offered t o  

a s s i s t  water development agencies i n  evaluating possible fu ture  

water development f a c i l i t i e s  : 

1. Operation s tud ies  f o r  planning purposes should allow f o r  

surges i n  Delta outflow of a t  l e a s t  l0,OOO c f s  within a f i v e  t o  

t e n  day in t e rva l  on an average of four  times per year f o r  the  

h i s t o r i c a l  hydrologic period from 1939 t o  1976. This means t h a t  

e i t h e r  addit ions t o  upstream storage f a c i l i t i e s  o r  increased 

exports of unregulated Delta inflows should not i n t e r f e r e  with 

these  short-term burs ts  of increased Delta outflow. The need f o r  

such outflow is based on the  average h i s t o r i c a l  occurrence of 

incremental increases i n  Delta outflow of t h i s  magnitude and 

duration from 1939 t o  1976, The frequency of such incremental d 

increases has ranged from two per year  t o  nine per year ,  except i n  . 
water year  1976 (one per year)  and water year  1977 (no oc~ur renees )  - 

I 

(RT Vole XXXIV, PPO 123-126). 

2, Incremental increases i n  Delta outflow of a t  l e a s t  l O , O O O  

c f s  should occur within a f i v e  t o  t ensday  in t e rva l  a t  l e a s t  once 

each year over the  yield-determining seven year dry cycle (1928- 



Upper Estuary 'Productivity.  F ish  and Game has developed many re- 

l a t i o n s h i p s  r e l a t i n g  l a t e  spr ing  and summer Delta  outflows t o  

Neomysis and young s t r i p e d  bass  abundances. These re l a t ionsh ips  

a re  based on condit ions experienced during years  when winter  flows 

were s u f f i c i e n t l y  high so t h a t  they probably were not l i m i t i n g  es- 

tuary  product iv i ty  (RT Vol. X I ,  p. 81). F ish  and Game has ex- . 

pressed concern regarding t h e  low es tuary  production i n  1976 when 
-, - - 

con t ro l l ed  low flow condit ions ex i s t ed  during t h e  winter  (RT Vol. 

X I ,  pp. 78-89 and Vol. X X I I I ,  pp. 127-128). 

There is. a need f o r  caut ion i n  e s t ab l i sh ing  long-term f i s h e r y  stand- 

a rds  based on these h i s t o r i c a l  flow-abundance re la t ionships ,  p a r t i -  

c u l a r l y  with the  f u t u r e  prospects  of extended periods of low-flow 

condit ions i n  the  Delta (RT Vol. X I ,  p. 129). While 1976 produc- 

t i o n  i n  t h e  es tuary  w a s  low, r e l a t ionsh ips  between spr ing  and 

summer Delta outflow and Neomvsis and young s t r i p e d  bass  abundances 

general ly  predic ted  t h e  a c t u a l  indexes measured t h a t  year. 2/ 

I n  view of t h i s ,  t h e  following pol icy  guidance f o r  long-term water 

development planning has been es t ab l i shed  u n t i l  t h i s  concern i s  

more f u l l y  understood: 

2/ I n  a  prepared statement given a t  a  s p e c i a l  meeting of t h e  Board .. 
on October 27, 1977 concerning t h e  s u b s t a n t i a l  impacts on the  

" Delta  ecosystem during 1977, M r .  Harold K. Chadwick, represent- 
i n g  Fish  and Game, s t a t e d  t h a t  flows i n  1977 p r i o r  t o  June -were - 
l i k e l y  i n s u f f i c i e n t  t o  (1 )  support adequate production a t . l o w e r  
l e v e l s  of the  food chain, (2) s t imula te  upstream migration of 
a d u l t  s t r i p e d  bass, ( 3 )  provide s u i t a b l e  s a l i n i t i e s  f o r  s t r i p e d  
bass  spawning i n  the  San Joaquin River, and (4)  d i s t r i b u t e  young 
bass  over t h e  e n t i r e  nursery area. 

I n  c los ing  he s ta ted:  "We recognize t h a t  the  observations during 
1977 r a i s e  var ious quest ions about the  adequacy of some of the 
proposed s tandards i n  t h e  Apri l  d r a f t  ( ~ i s h  and Game Exhibit  11). 
We bel ieve t h a t  any adjustments (of  these  recommendations) should 
await a  thorough evalua t ion  of a l l  evidence." 



The 14-day mean e l e c t r i c a l  conduct ivi ty  values a t  P i t t s b u r g  

during January, February and March should not exceed those 

experienced f o r  t h e  same period i n  1976, throughout t h e  

50-year hydrologic planning period (1922-1971). 

S tudies  t o  determine t h e  cause of t h e  dramatic 1977 reduct ions i n  

es tuary  production am cur ren t ly  underway by Fish  and Game and 

the  Bur'eau. Additional s t u d i e s  t o  determine t h e  need f o r  winter  

flows f o r  long-term pro tec t ion  of s t r i p e d  bass  and o t h e r  aquat ic  

organisms i n  - t h e  Del ta  s h a l l  be conducted by t h e  Department. 

Maintenance of Fishery Resources a t  H i s t o r i c a l  Levels. 

Based on e x i s t i n g  condi t ions t h e  Board has determined t h a t  f i s h e r y  

resources i n  the  Bay-Delta es tuary  should be maintained a t  l e v e l s  

t h a t  a t  l e a s t  approach those l e v e l s  t h a t  would have e x i s t e d  had 

the  CVP and SWP not  been b u i l t .  Higher l e v e l s  of f i s h e r y  resources 

a r e  des i rable ,  but  cannot be a t t a i n e d  i n  t h e  publ ic  i n t e r e s t  with 

current  p r o j e c t  f a c i l i t i e s .  However, any fu ture  Delta t r a n s f e r  

f a c i l i t y  o r  upstream p r o j e c t  f a c i l i t i e s  should: 

(1) ensure t h e  maintenance of f i s h e r y  resources i n  t h e  

es tuary  on the  average a t  h i s t o r i c a l  l e v e l s  (1922- 

1967). (Conditions upstream of t h e  e s tua ry  may l i m i t  

t h e  abundance of some species .  This po l i cy  dea l s  

only with those f a c t o r s  i n  t h e  Bay-Delta e s tua ry  t h a t  
- 

l i m i t  spec ies  abundance), and 

(2 )  include a f i s h  screen system capable of salvaging 

95 percent of t h e  f i s h  more than 1-1/& inches long. 



Net Downstream Flows i n  Delta Channels. P ro jec t  caused ne t  flow 

rever sa l s  i n  Delta channels a r e  detr imental  to. t h e  f i s h e r y  t h a t  

l i v e  i n  o r  pass  through the  Delta. Any fu tu re  Del ta  water t rans-  

f e r  f a c i l i t i e s  should: 

(1 )  r e s to re  ne t  downstream flows a t  a l l  t imes i n  a l l  

Del ta  channels, and 

(2 )  provide water i n  * t h e  San Joaquin River upstream of 

t h e  Mokelumne River, i n  Old River and i n  Middle 

River t o  be pr imar i ly  of San Jo~quLn River o r i g i n  

from September 1 through November 30. 

Impact on Current Pro jec t  Operations 

There a r e  a l s o  o the r  f a c t o r s  which could have an impact (both f a v o r  

ab le  and adverse) on cur ren t  p r o j e c t  operations; These f a c t o r s  

can be addressed now only i n  a general  way because of a l ack  of 

information and t h e  uncer ta in ty  of fu tu re  ac t ions  by o the r  agen- 

cies.  They a r e  presented below: 

Mechanism by which S a l i n i t y  Changes i n  Surrounding Waterwavs Affect 

Plant  Growth i n  the  Subi r r iga ted  Areas i n  the  Delta. A s  s t a t e d  i n  

Chapter V I ,  t h e  U. C. Cooperative Extension expressed the  p o s s i b i l i t y  
I 

t h a t  crops i n  Delta sub i r r iga ted  s o i l s  may be drawing water from 

groundwater, r a t h e r  than from surface  water appl ied  i n  spud d i t ches  - 
- - 

(RT Vole XX, pa 181). A determination of the  predominant source of 

water f o r  these  crops is important i n  f u t u r e  review of a g r i c u l t u r a l  

water q u a l i t y  standards The U. C. Cooperative Extension researched 



t h i s  a rea  during t h e  1977 i r r i g a t i o n  season. However, an expanded 

research program w i l l  be required t o  y i e l d  a f u l l  understanding. 

The Board and o the r  s t a t e  and l o c a l  agencies  w i l l  be p a r t i c i p a t i n g  

with t h e  U. C. Cooperative Extension. 

Additional Data Needs t o  be Developed f o r  t h e  Subi r r iga ted  Organic 

S o i l s  i n  t h e  Delta. A b e t t e r  understanding of t h e  water q u a l i t y  

needs of a g r i c u l t u r e  i n  t h e  organic s o i l s  i s  necessary. The Board 

w i l l  t ake  an a c t i v e  ro le  i n  coordinat ing this research with o t h e r  

i n t e r e s t e d  agencies including t h e  U. C. Cooperative Extension and 

the  U. S. S a l i n i t y  Laboratory, and o the r  hearing pa r t i c ipan t s .  

Some of t h e  a reas  where a d d i t i o n a l  research i s  necessary include 

the  c o r r e l a t i o n  of e l e c t r i c a l  conduct ivi ty  of t h e  appl ied  i r r i g a -  

t i o n  water ( E C ~ )  t o  e l e c t r i c a l  conduct ivi ty  of t h e  s o i l  s a t u r a t i o n  

e x t r a c t  (EC,), t he  r e l a t ionsh ip  between t h e  y i e l d  of corn and ECw 

and ECe and t h e  determination of t h e  threshold  to lerance  of corn. 

The q u a l i t y  of water which i s  necessary outs ide of t h e  i r r i g a t i o n  

season ( ~ p r i l  1 t o  August 15) a l s o  needs t o  be invest igated.  This 

inves t iga t ion  could include an evalua t ion  of leaching p r a c t i c e s  and 

rel2.ted necessary water q u a l i t y  and a l s o  a determination of water 
* 

q u a l i t y  needed f o r  crops which a r e  i r r i g a t e d  during t h e  per iod  

outs ide of t h e  normal i r r i g a t i o n  season. - - .r 



Overland Supplies t o  Western Delta. Overland suppl ies  t o  the  

western Delta a r e  cu r ren t ly  being considered by t h e  p r o j e c t  opera- 

t o r s  and Delta i n t e r e s t s  as a poss ib le  method t o  conserve water 

and f u l l y  p r o t e c t  western Delta agr icul ture .  I f  successful ,  t he  

Emmaton and Jersey Point  water q u a l i t y  s tandards , f o r  a g r i c u l t u r e  

could be reduced. 

It is  important t o  keep i n  mind t h a t  the  b a t o n  and Jersey  Point 

s tandards a f f o r d  b e n e f i t s  t o  the  e n t i r e  western Delta,  not  j u s t  

p ro tec t ion  f o r  a g r i c u l t u r e  on Sherman and Jersey  Is lands.  

Also, as discussed above,=there a r e  s i g n i f i c a n t  quest ions r e l a t e d  

t o  t h e  mechanism by which water makes i ts  way t o  t h e  root  zone i n '  

sub i r r iga ted  s o i l s .  If groundwater q u a l i t y  p lays  an important ro le ,  

the  water q u a l i t y  of t h e  surrounding channels may continue t o  be of 

g rea t  importance. T h i s  would suggest some caut ion i n  f i n a l i z i n g  

plans f o r  converting permanently t o  overland de l ivery  systems. 

F ina l ly ,  changes i n  i r r i g a t i o n  p r a c t i c e s  could be incorporated i n  

p lans  t o  change t h e  po in t s  of d ivers ion  t o  sources f u r t h e r  upstream. 
I 

Such modifications could include t h e  i n s t a l l a t i o n  of s p r i n k l e r  ir- 

a r i g a t i o n  systems. Chapter VI discusses  t h i s  a l t e r n a t i v e  b r i e f l y .  
- - 

Changes i n  i r r i g a t i o n  p r a c t i c e s  should be handled i n  t h e  manner 

prescr ibed by the  Delta Pro tec t ion  Act. The conversion of l a r g e  

a reas  of t h e  western Delta t o  s p r i n k l e r  i r r i g a t i o n  could have sig- 

n i f i c a n t  impacts on cropping pa t t e rns ,  energy cos ts ,  Del ta  consump- 

t i v e  use of water and farm operat ing costs.  



FIGURE VII-1 

W A T E R  QUALITY MONITORING LOCATIONS 
WATER Q U A L I T Y  P R O F I L E  ROUTES 
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DELTA E ~ ~ A F I  WATER . 

QUALITY I*IONITOFUNG PRCSRAM 

(Continued on next page) 
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TABLE VII-1 
DELTA ESTUARY WATER . 

QUALITY F'IONITORING PROGRAM 

* Location c lose  t o  t h e  s t a t i o n  shown ' 

C - Continuous 
W - Weekly (Apr i l  1 - May 5)  
SM - Semi-monthly (twice a month) 
M - Monthly 
SA - Semi-annually ( sp r ing  and f a l l )  
G.H. - Gage Height 
P - Periodic,  t o  obta in  adequate c o r r e l a t i o n  with o t h e r  s t a t i o n s  

y A i r  and water temperature, e l e c t r i c a l  conductivity,  pH, dissolved 
oxygen, t u r b i d i t y ,  water depth t o  1% l i g h t  i n t e n s i t y ,  secchi  d i sc  depth, 
v o l a t i l e  and non-volatile suspended so l ids ,  n i t r a t e ,  n i t r i t e ,  ammonia, 
t o t a l  organic nitrogen, ex t rac ted  chlorophyll  2, s i l i c a .  
Enumeration and i d e n t i f i c a t i o n  t o  t h e  spec ies  l e v e l  where possible .  
Orthophosphate and t o t a l  
Heavy metals  - arsenic ,  cadmium, chromium ( a l l  valences),  copper, i ron ,  
lead, manganese, mercury, zinc. - - 

Pes t i c ides  - chlor ina ted  hydrocarbons t o  include: Aldrin, Altrazine,  
BHC, Chlordane, Dacthal, DDD, DDE, DDT, Dieldr in,  Endrin, Endosulfan, 
Heptachlor, Kelthane, Lindane, Methoxychlor, Simazine, Toxaphene, PCB. 

Sampling t o  take p lace  i n  water column and bottom sediments. 
Sediment samples a r e  t o  be taken i n  t r a n s e c t s  ac ross  the  channel. 

5/ Benthic samples a r e  t o  include i d e n t i f i c a t i o n  and enumeration t o  the  
lowest taxonomic l e v e l  possible.  Samples t o  be taken i n  t r a n s e c t s  
across  t h e  channel. Continuation of t h i s  aspect  of t h e  monitoring 
program w i l l  be reevaluated annually. 



HISTORICAL 8 CURRENT WATER QUALITY CONTROL STATION 
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TABLE A-l, Sheet 1 of 7 

PERMITS FOR DELTA WATER SUPPLY 
0 f 

FEDERAL CEYTRAL VALLEY PROJECT AND STATE WATER PROJECT 

A p p l i c a -  Permit i Source Direct Diversion : Storage Purpose 
tion No. i No. i !Quantity(cfs] : Season !Quantity(AF) : Season ! 

5625 12720 Sacramento River 11,000 Jan.1 to 3,190,000 Oct. 1 to Power 
Dec. 31 June 30 

5626 12721 Sacramento River 8,000 Jan.1 to 3,190,000 Oct. 1 to Irrigation, 
Dec. 31 June 30 domestic, 

stockwatering 
navigation 
and recrea- 
tion 

11966 Trinity River 

11967 Trinity River 

16477 Feather River 

16478 Feather River 

12722 Sacramento River 1.000 

Jan. 1 to 1,540,000 Jan. 1 to Power 
Dec. 31 Bee. 31 

Jan.1 to 1,540,000 Jan. 1 to Irrigation, 
Dec. 31 Dec. 31 domestic, 

navigatian, 
salinity con- 
trol and 
flood control 

Jan.1 to 
Dec. 31 

Oct .l to 
July 1 

380,000 Oct; 1 to Power, re- 
July 1 creation,fish 

and wildlife 
enhancement 

380,000 Oct. 1 to Irrigation, 
July 1 domestic, 

municipal, 
industrial, 
salinity con- 
trol, recrea- 
tion, fish 
and wildlife 
enhancenent 

Jan.1 to 310,000 Oct. 1 to Municipal 
Dec. 31 June 30 and indus- 

trial 



12724 Sacramento River 2,275 

12725 Rock Slough 200 

12726 Rock Slough 250 

12727 Old River 4,400 

11315 American River 8,000 

11316 American River 700 

11317 American River 8,000' 

TABLE A-1 (Continued) Sheet 2 of 7 

PERMITS FOR DELTA WATER SUPPLY 
0 f 

FEDERAL CENTRAL VALLEY PROJECT AND STATE WATER PROJECT 

A p p l i c a -  Permit Source I Direct Diversion : Storage Purpose ? 
tion No. i No. ! !Quaatity(cfs) : Season IQuantity(~F) : Season : 

9 364 12723 Sacramento River 9,000 Jan. 1 to 1,303,000 Oct. 1 to Irrigation, 
Dec. 31 June 30 flood control, 

domestic, 
stockwatering, 
navigation & 
recreation 

9365 Jan. 1 to 1,3Q3,000 Oct. 1 to Power 
Dec. 31 June 30 

9366 Jan. 1 to - - -- Irrigation and 
Dec. 31 domestic 

9367 Jan. 1 to - - -- Mtnicipal and 
Dec. 31 industrial 

9368 Jan. 1 to - - -- Irrigation 
Dec. 31 and domestic 

13370 Nov. 1 to 1,000,000 Bov. 1 to Irrigation, 
Aug. 1 July 1 salinity con- 

trol and 
flood control 

13371 Nov. 1 to 300,000 Nov. 1 to Municipal, 
Aug. 1 July 1 industrial, 

domestic and 
recreational 

13372 Jan. 1 to 1,000,000 Oct. 1 to Power 
Dec. 31 July 1 

* 
I 
N 



TABLE A-1 (Continued) Sheet 3 of 7 

PERMITS FOR DELTA WATER SUPPLY 
0 E 

FEDERAL CENTRAL VALLEY PROJECT AND STATE WATER PROJECT 

dpplica- i Pernit i Source Direct Diversion : ' Storage Purpose 
tioc So. i So. i iQuantity(cfs) : Season iQuantity(AF) : Season i 

14443 16479 Feather River, 1,360 

Sacramento-San 
Joaquin Delta 
Channels 6,185 

16480 Feather River 

16481 Italian Slough 

11318 American River 

16597 Stanislaus River 

J a n l t o  3,500,000 Sept. 1 Irrigation, 
Dec. 31 t o  july3ld0=2stic, 

municipal, iz- 
dus trial, 
salinity coc- 

Jan. 1 to 42,100 trol, recrea- 
Dec. 31 to Dec. 3l tional. fish 

and wildlife 
enhancenent 

Jan. 1 to 3,500,000 Oce. 1 to Power, recrea- 
Dec. 31 July 1 tional and 

fish and wile- 
life enhance- 
ment 

Oct. 1 to 44,000 Oct. 1 to Irrigation, 
July 1 July 1 domestic, 

municipal, fn- 
dus trial, 
salinity con- 
trol, recrea- 
tional and 
fish and 
wildlife en- 
hancement 

300,000 Oct. 1 to Power 
July 1 

980,000 Nov. 1 to Recreational, 
June 30 water quality 

control and 
preservatlcn 
and enhance- 
ment of fish 
and wildlife 



TABLE A-1 ( c o n t i n u e d )  S h e e t  4 of 7 

PERMITS FOR DELTA WATER SUPPLY 
0 f 

FEDERAL CENTRAL VALLEY PROJECT A N D  STATE WATER PROJECT 

A p p l i c a -  P e r m i t  i S o u r c e  i D i r e c t  D i v e r s i o n  : . S t o r a g e  P u r p o s e  
t i o n N o .  i No. i ! Q u a n t i t y  ( c f s )  : S e a s o n  ! Q u a n t i t y ( A F )  : S e a s o n  ! 

14859 16598 S t a n i s l a u s  R i v e r  6 , 0 0 0  J a n .  1 t o  980,000 Nov. 1 t o  Power 
Dec. 3 1  J u n e  30 

15374 11968 T r i n i t y  R i v e r  , 3 0 0  J a n .  1 t o  200,000 J a n .  1 t o  M u n i c i p a l  and  
Dec. 3 1  Dec. 3 1  i n d u s t r i a l  

15375  11969 T r i n i t y  R i v e r  1 , 7 0 0  J a n .  1 t o  1 , 8 0 0 , 0 0 0  Jan. I t o  I r r i g a t i o n ,  
Dec. 3 1  Dec. 3 1  d o m e s t i c ,  

f i s h  & w i l d -  
l i f e  p r o p a g a -  
t i o n ,  n a v i -  
g a t i o n , w a t e r  
q u a l i t y  con- 
t r o l  and 
r e c r e a t i o n  

15376  11970 T r i n i t y  R i v e r  3 , 5 2 5  

15764 12860 Old R i v e r  -- 

16767 1 1 9 7 1  T r i n i t y  R i v e r  

1 6 7 6 8  11972 T r i n i t y  R i v e r  

J a n .  1 t o  1 , 8 0 0 , 0 0 0  J a n -  1 t o  Power 
Dec. 3 1  Dec. 3 1  

-- 1 , 0 0 0 , 0 0 0  O c t .  1 t o  I r r i g a t i o n ,  
A p r i l  30  d o m e s t i c ,  

s t o c k w a t e r i n g  
m u n i c i p a l ,  
i n d u s t r i a l  
and  r e c r e a -  
t i o n  

-- 700,000 J a n .  1 t o  I r r i g a t i o n ,  
Dec. .  3 1  d o z e s t i c  and  

w a t e r  q u a l i t y  
c o n t r o l  

J a n .  1 t o  700,000 J a n .  1 t o  Power 
Dec. 3 1  Dec. 3 1  



TABLE A-1 ( C o n t i n u e d )  
PERMITS FOR DELTA WATER SUPPLY 

S h e e t  5  o f  7  

0 f 
FEDERAL CENTRAL VALLEY PROJECT AND STATE WATER PROJECT 

A p p l i c a -  P e r m i t  i S o u r c e  : D i r e c t  D i v e r s i o n  : S t o r a g e  P u r p o s e  
t i o n  No. i No. ! ! Q u a n t i t y  ( c f  s) : S e a s o n  i Q u a n t i t y ( A F )  : S e a s o n  3 

17374 1 1 9 7 3  T r i n i t y  R i v e r '  1 , 5 0 0  - - - - I r r i g a t i o n ,  J a n .  1 t o  
Dec. 3 1  d o m e s t i c ,  

m u n i c i p a l ,  
i n d u s t r i a l ,  
s a l i n i t y  con- 
t r o l ,  r e c r e a -  
t i o n ,  f i s h  
an6  w i l d l i f e  
enhancemen t  

12365. C l e a r  Creek  

12364  Clear Creek  

16482  I t a l i a n  S l o u g h  
a n d  San L u i s  
C r e e k  

17514A 1 6 4 8 3  L i n d s e y  S l o u g h  

18115 13776  S t o n y  Creek  

J a n .  1 t o  250,000 Aov. 1 t o  Power 
Dec. 3 1  A p r i l  1 

Nov. 1 t o  250,000 Nov. 1 t o  I r r i g a t i o n ,  
A p r i l  1 A p r i l  1 d o m e s t i c  a n d  

r e c r e a t i o n a l  

-- 1 , 1 0 0 , 0 0 0  O c t .  1 t o  I r r i g a t i o n ,  
J u l y  1 domes t i c  , 

m u n i c i p a l ,  i n -  
d u s t r i a l ,  
s a l i n i t y  con-  
t r o l ,  r e c r e a -  
t i o n ,  f i s h  
and w i l d l i f e  

O c t .  1 to -- 
J u l y  1 

enhancemen t  

-- M u n i c i p a l  and  
i n d u s t r i a l  

1 6 0 , 0 0 0  Nov. 1 t o  I r r i g a t i o n ,  
A p r i l  30 d o m e s t i c ,  

n u n i c i p a l  a c d  
i n d u s t r i a l  



TABLE A - 1  (Cont inued)  Sheet  6 of  7 

PERMITS FOR DEPTA WATER SUPPLY 
0 f 

FEDERAL CENTRAL VALLEY PROJECT AND STATE WATER PROJECT 

Appl ica-  P e r m i t  i Source  D i r e c t  D i v e r s i o n  : S t o r a g e  P u r p o s e  

18721 16209 North Fork ~ m e r i -  100  Nov. 1 t o  1 ,700,000 Nov. 1 t o  I r r i g a t i o n ,  
can R i v e r  and Aug. 1 J u l y  1 r e c r e a t i o n ,  
Knickerbocker  i n c i d e n t a l  
Creek d o m e s t i c  and  

w a t e r  q u a l i t y  
c o n t r o l  

18723 16210 North  Fork  Ameri- 
can R i v e r  and 
Knickerbocker  
Creek 

19303 16599 S t a n i s l a u s  R i v e r  

19304 16600 S t a n i s l a u s  R i v e r  

21542 15149 Old R i v e r  

21636 1 6 2 1 1  North  Fork  Ameri- 
can R i v e r  and 
Knickerbocker  
Creek 

J a n .  1 t o  1 ,700 ,000  Nov. 1 E Q  Power,  i n c i -  
Dec. 3 1  J u l y  1 d e n t a l  

r e c r e a t i o n  
and domese ic  

-- 1 ,420 ,000  Nov. 1 t o  Power 
J u n e  30 

- - 1 ,420 ,000  Nov. 1 t o  R e c r e a t i o n a l ,  
J u n e  30 w a t e r  q d a l i t y  

c o n t r o l  and 
p r e s e r v a t i o n  
and enhance-  
ment o f  f i s h  
and w i l d 1  i f  e  

- - 1 ,000 ,000  Nor. 1 t o  Power 
A p r i l  30 

J a n .  1 t o  800,000 NOV. 1 t o  power 
Dec. 3 1  J u l y  1 



TABLE A-1 
Sheet 7 of 7 

(Continued) 

PERMITS F O R  DELTA WATER SUPPLY 
0 E 

FEDERAL CENTRAL VALLEY PROJECT AND STATE WATER PROJECT r : Direct Diversion : Storage Purpose 
tion No. i KO. I !Quantity (cfa) : Season !Quantity(AF) : Seaeon b 

21637 16212 North Fork Ameri- 9 0 0  Mov. 1 to 8 0 0 , 0 0 0  Hov. 1 to Irrigation, 
can River and July 1 July 1 municipal, 
Knickerbocker industrial, 
Creek domestic, 

recreation, 
fish an& 
wildlife en- 
hancement and 
water quality 
control 

15735 Rock Slough 5 , 4 0 0  O c t .  1 to Irrigation, 
June 3 0  domestic , 

municipal, 
industrgal, 
water quality 
control and 
recreation 





TABLE B-1 
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HISTORICAL WATER QUALIW OBJECTIVES 
FOR THE SACRAMENTO-SAN JOAQUIN D n T A  AND SUISUN MARSH 

3eneficial  Use Pro- Shasta Inflow 
Source 

h n i c i p a l  and 
Endustrial 

Antioch on San 

TDS Maximum 14- Interim protection Basin 5 Plan 
s h a l l  not apply day running of municipal and (196.~ policy 
when the State Bd. average sf water and supplement: 
determines tha t  the mean da i ly  supplies taken from - Reso 73-16, 
adequate substi- TDS fo r :  the  San Joaquin 
t u t e  supplies a re  Normal and River. Fed. B. 5) 2/ 
available t o  a l l  150 days below normal 450 m g / l  
M&I users i n  the 120 days D r y  450 m g / l  
Antioch and P i t t s -  100 days Cr i t i ca l  450 m g / l  
burg areas. ) 

Contra Costa Canal 
Intake a t  Rock Slough TDS Maximum mean 

t i d a l  cycle 

TDS Maximum mean 
t i d a l  cycle, 
65% of the 
year 

Chloride Maximum mean 
t i d a l  cycle 

Chloride Maximum mean 
t i d a l  cycle, 
65% of the 
year 

A l l  750 mg/ l  Acceptable short- Basin 5 Plan 
term maxirmun TDS (1967 pol icy ar 
value SUPP lements 

A l l  
- 1971 Interim 

380 m g / l  Based on average Plan) - 
h i s t o r i c a l  water 
qua l i ty  ( 1945-1966) 

A l l  250 m g / l  Cal. Admin. Code 
maximum desirable 
chloride content of 
drinking water from 
t a s t e  standpoint 

A l l  100 m g / l  Based on average 
h i s t o r i c a l  water 
qual i ty  ( 1945-1966) 



Sheet 2 of 6 

HISTORICAL WATER QUALITY OBJECTIVES 

FOR THE SACRAMENTO-SAN JOAQUIN DELTA AND SUISUN MARSH 

Benef ic ia l  Use Pro- Shasta Inflow 

Municipal and 
I n d u s t r i a l  

City of Vallejo 
Intake a t  Cache A l l  
Slough (instantaneous) 

TDS Maximum A l l  
( instantaneous) 

Basin 5 Plan 

sup lements- - - 1 8 71 Interim 
Plan) 

- 
Blind Point on 
the  San Joaquin 
River 

Blind Point on 
-in River 

EC 
AMJJ ASON& - 

Maximum 14-day Non-crit. 2.2 3.1 Protect ion of Delta Basin 5 Plan 
running average ag r i cu l tu re  without an 
of mean da i ly  C r i t i c a l  3.6 3.6 overland supply t o  
EC i n  mmhos western Delta. Blind 

Point  is below lowest 
a g r i c u l t u r a l  intake on 
San Joaquin River. Water 
qua l i t y  should not de- 
grade t o  poor during t h e  
i r r i g a t i o n  season ex- 
cept  during c r i t i c a l  
years  

Permit The SWP shall make no d i r e c t  diversions and s h a l l  not -. - - - - . 

Condi- c o l l e c t  water t o  storage during the  period from Apri l  1 
t i o n  through June 30 a t  any time the  maximum surface zone 
Limiting c h l o s d e  ion content exceeds 250 p a r t s  p e r  mi l l ion  
Storage 
and 
Direct  
Diversion 

D 1275 
as modified 
by D 1291 
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HISTORICAL WATER QUALITY OBJECTIVES 
FOR THE SACRAMENTO-SAN JOAQUIN DELTA AMD SUISUN MARSH 

Beneficial  Use Pro- Shasta Inflow 

Agriculture 
Chloride 14- Non-critical 1000 m g / l  Based on Nov. 19th  

E Z n n i n g  
Basin 5 Plan 

c r i t e r i a  f o r  the  pro- (D-1275) 
on average of C r i t i c a l  Jan/July t e c t i o n  of western (1967 po l icy  

on the  Sacramento mean da i ly  1000 m g / l  Delta channels from and Supplement 
River - c hlor ide  ocean s a l i n i t y  in- - Res. 68-17) 

t rusion.  This ob- 
l4Oo mg/l j ec t ive  i s  predicated 

on an overland supply 
t o  some 12 t o  1 5  
thousand acres  i n  the  
extreme western Delta 

Chloride Average mean Non-dry Sometime Based on Nov. 19th Basin 5 Plan 
d a i l y  con- o r  between c r i t e r i a .  To provide (D-1275) 
cen t ra t ion  c r i t i c a l  Apri l  1 t o  su i t ab l e  water q u a l i t y  (1967 Policy 
f o r  a  period WY 31, f o r  seed germination and Supplement 
of a t  l e a s t  200 m g / l  a t  the  beginning of - Resa 6gWl7) 
10 consecu- t he  i r r i g a t i o n  season 
t i v e  days and l imi ted s a l t  f lush- 

i ng  flows 
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HISTORICAL WATER QUALITY OBJECTIVES 
FOR THE SACRAMENTO-SAN JOAQUIN DELTA AND SUISUN MARSH 

Benef ic ia l  Use Pro- Shasta Inflow 
t ec t ed  and Location Parameter Description Water Yr.Type Value Rationale Source 

~ ~- 

T e d n o u s ,  Rio V i s t a ,  
San Andreas Landing, 
C l i f t on  Court Ferry 
and, with the  peri-  
phera l  canal, Bifur- 
ca t ion  of Old and 
Middle River 

TDS 
E . n : 4 i g  
average of 
mean da i ly  
TDS i n  m g / l  

Average of 
mean da i ly  
TDS i n  m g / l  
f o r  anv cal- 

Normal o r  
above 

Below Norm. 
D r y  o r  C r i t .  

Normal o r  
above 

Below Norm. 

700 700 Based on Nov. 19 th  Basin 5 Plan 
c r i t e r i a  f o r  pro- tD.1275) 

700 '0°* t e c t i o n  of i n t e r i o r  1967 Policy 
800* 800s Delta channels t o  and Supplemen 

provide water of - Res. 68-17) 
su i t ab l e  a u a l i t v  
f o r  agric;lturai 500 500 Uses 

endar month D r y  o r  C r i t .  500 600% 600% 
not t o  exceed 

Average of Normal o r  
mean da i ly  above 450 

in mdl Below Norm. f o r  anv cal- 
endar ?ear D r y  o r  C r i t .  500 
not t o  exceed 

Green's Lapding on the  TDS Whenever max'- 2 A l l  150 m g / l  Modifier of i n t e r i o r  Basin 5 P la  
Sacramento River mum 14-day2 Delta a g r i c u l t u r a l  (D-1275) 

running average object ives  which pro- (1967 Po l i c  
o r  mean monthly vides f o r  ins tances  and Supple- 
water qua l i t y  a t  o r  extreme salt  water merit 
t h i s  s t a t i o n  ex- i n t ru s ion  on the  - Res. 6$-1 
ceeds 150 m g / l  Sacramento River 
TDS the  object ives  

P" a t  the  above ( i n t e r i o r  ~ e l t a )  s t a t i o n s  are  changed by adding 
e t o  those values the  product of 1* times the  amount by which 

the  recorded TDS a t  Green's Landing exceeds 150 m g / l  
I 

I * The TDS value a t  an of these f i v e  s t a t i o n s  may reach but not exceed the as te r i sked  values, provided 
the  averaga of the  $DS value a t  a l l  f i v e  s t a t i o n s  does not exceed the adjacent non-asterisked value. 
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HISTORICAL WATER QUALITY OBJECTIVES 
FOR THE SACRAMENTO-SAN J O A Q U I N  DELTA AND SUISUN MARSH 

3enef ic ia l  Use Pro- Shasta Inflow 
tec ted  and Location Parameter Description Water Yr.Type Value Rationale Source 

Rgriculture .- 

~ a n  Joaquin River 
a t  Vernalis TDS 

Eastern Delta 
Channels TDS 

Maximum 30- A 1 1  500 mg/ l  Protect ion of Southern Basin 5 Plan 
day average Delta ag r i cu l tu re  (D-1275 with 

Maximum mean A l l  700 m g / l  
monthly 

- 
New   el one s) 

(1967 Polic 
plements-19 71 f n E % F ! G a d  

Basin 5 Plan 
(1967 Policy and Sup- 

plements-1971 Inter im p l a d  

' i sh  and Wildlife 
Bays and Inter-  TDS Water q u a l i t y  A l l  Apr i l  15 t o  Optimal seed pro- Basin 2 Plan 
t i d a l  Sloughs of t o  produce June 1 duction of a l k a l i  
Suisun Marsh average TDS i n  9,000 m g / l  bulrush, an i m -  

first 12 inches por tant  food f o r  
of s o i l  of Sui- waterfowl 
sun Marsh 

TDS Maxirmun mean A l l  18,000 m g / l  Protect ion of Basin 2 Plan 
monthly permanent s tands  

of a l k a l i  bulrusH 

I Chipps I s l and  a t  Chloride Maximum 14-day A 1 1  4,000 m g / l  Protect ion of Basin 2 Plan 
'O & A Ferry running aver- Neonrysis and 

age of mean s t r i p e d  bass 
d a i l y  chlor ide 

Antioch Water Works EC Maxirmun 14-day A 1 1  
Intake on the  running average 
Joaquin River of mean d a i l y  EC 

when water tempera- 
t u r e  a s  increased 

F' B t o  60 F and f o r  5 
u1 weeks t h e r e a f t e r  - - -  . 

1,500 umhos Protect ion of Basin 5 Plan 
s t r i p e d  bass spawn- (1967 Policy and 
ing  a reas  on the Supplements 
San Joaquin River. - Res. 73-16 
This object ive can Fed. B. 2) 2/ 
be modified forex-  
perimental purposes 
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HISTORICAL WATER QUALITY OBJECTIVES 
FOR THE SACWTO-SAN JOAQUIN DELTA AND SUISUN MARSH 

Benef ic ia l  Use Pro- Shasta Inflow 
_ Rationale Source 

Fish and W i l d l i f e  
Prisoners Point  
on the  San Joa- 
quin River 

Maximum 14-day A l l  550 umhos Antioch and Pr is-  B s i n  5 Plan 
running average - oners Point a r e  the  r1967 Policy a, 
of mean da i ly  EC . h i s t o r i c a l  s t r i p e d  Supplements 
when water tempera- -- --- bass spawning a rea  - R e s -  73-16, 
t u r e  as increased 

!F 
l i m i t s .  Spawning Fed. B.2) 2/ 

t o  60 and f o r  5 general ly  occurs as 
weeks t h e r e a f t e r  temperature i s  in- 

creas ing from 600F 
with s a l i n i t i e s  be- 
tween 1500 umhos and 
550 umhos EC ( a  rox. 
1000 m g / l  and 3?{ m g / l  TDS) 

I October-December based on Shasta Inflow water year  type f o r  previous water year. 

10-day running average i n  D-1275 

r/ Recommended by Department of I n t e r i o r  Task Force es tabl ished t o  consider  s a l i n i t y  s tandards i n  the  
Delta. Also rec i ted  i n  l e t t e r  dated Janua 9, 1969, from Secretary of the  I n t e r i o r  Stewart L. Udall 
t o  Governor Reagan (D 1379 Exhibit  USBR 523.  
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CHAPTER I 

SUMMARY 

The f i n a l  environmental impact r epo r t  (EZR)  contained he re in  is 

on t h e  proposed S t a t e  Water Resources Control  Board a c t i o n  t o  

adopt a  water  q u a l i t y  c o n t r o l  p lan f o r  t h e  Sacramento-San Joaquin 

Delta and Suisun Marsh, and t o  amend corresponding condi t ions  i n  

water  r i g h t  permits  of t h e  Department of Water Resources and 

U. S. Bureau of Reclamation. 
. . 

Chapter I11 of t he  EIR  conta ins  a  d e t a i l e d  desc r ip t ion  of t h e  

environmental s e t t i n g  i n  t he  Del ta  and Suisun Marsh. Chapter I V  

d i scusses  t h e  development of t h e  var ious  a l t e r n a t i v e s  considered, 

and Chapter V p r e sen t s  an ana lys i s  of t h e  environmental i r@~cts 

of t h e  a l t e r n a t i v e s .  A b r i e f  desc r ip t ion  of t h e  proposed Board 

a c t i o n  i s  presented i n  Chapter V I .  This r epo r t  concludes wi th  

Chapter V I I ,  which i s  an environmental assessment of t h e  proposed 

Board act ion.  Public comments received on t h e  Draft E I R  and t h e  

Board's response t o  them a r e  contained i n  a  s p e c i a l  appendix t o  

t h i s  repor t  which has been bound separate ly .  

The Del ta  and Suisun Marsh support  unique and v i t a l  f i s h  and wild- 

l i f e  resources,  important l o c a l  a g r i c u l t u r a l  a c t i v i t i e s ,  and l o c a l  

i ndus t r i e s .  Suisun Marsh provides h a b i t a t  f o r  a wide v a r i e t y  of 

w i ld l i f e ,  and i s  a  major winter ing a r ea  f o r  waterfowl us ing  t h e  

Pac i f i c  Flyway. The Delta a l s o  i s  a v i t a l  l i n k  between the  'water 

surp lus  a r e a s  i n  t he  Sacramento Valley and t h e  water  d e f i c i e n t  

a r eas  t o  t h e  south and west of the  Delta. Two major systems - 



t h e  S ta te  Water Pro jec t  (swP), operated by the  Department of 

Water Resources, and the  Central  Valley Project  (CVP), operated 

by the  United S t a t e s  Bureau of Reclamation - withdraw water 

from the  Delta. These systems support an extremely valuable 

a g r i c u l t u r a l  economy i n  the  San Joaquin Valley and serve municipal 

and i n d u s t r i a l  uses i n  northern and southern California. 

Seven a l t e r n a t i v e  plans ( s e t s  of water qua l i ty  standards) have 

been considered i n  the  development of a  recommended plan. These 

a l t e r n a t i v e s  a r e  combinations of various l e v e l s  of protect ion f o r  

f i s h  and wi ld l i f e ,  municipal, i n d u s t r i a l  and a g r i c u l t u r a l  uses  

of water. The EIR evaluates  the  p o t e n t i a l  impacts of each a l t e r  

nat ive on Delta and Suisun Marsh benef i c i a l  uses and on water 

pro jec t  de l ive r i e s  t o  a reas  outside the  Delta. The p o t e n t i a l  

impacts of each a l t e r n a t i v e  a r e  summarized i n  Table V-1. The 

recommended plan would provide the  same l e v e l  of protect ion t o  

ag r i cu l tu ra l ,  municipal and i n d u s t r i a l  uses t h a t  would have been 

avai lable  t o  these uses i n  the  absence of t h e  SWP and CVP. 

Str iped bass i s  a  key species  used i n  the  development of 'standards 

f o r  the  pro tec t ion  of the  f i she ry  i n  the  Delta and Suisun Marsh. 

The Str iped  Bass Index i s  used as an ind ica to r  of s t r i p e d  bass  . - 
abundance i n  the  Delta and Marsh. Under the recommended plan, 

the  survival  of young s t r i p e d  bass would approach without pro jec t  A 

l e v e l s  and p ro jec t  operators would be required t o  mit igate  impacts 
. 

* 
of the p ro jec t s  on Suisun Marsh by October 1, 1984. 



A major innovation of t he  recommended p l an  i s  t h a t  t h e  water  

q u a l i t y  s tandards  a r e  ad jus ted  according t o  type of year: . 

wet, above normal, below normal, dry  o r  c r i t i c a l .  Exis t ing  

water  q u a l i t y  s tandards  a r e  more uniform and do no t  vaiy'-- 

as much with v a r i a t i o n s  i n  a c t u a l  water  supply. The r e s u l t  of  

t h i s  new approach is t h a t  t h e  water  q u a l i t y  regime i n  t h e  De l t a  

w i l l  correspond more c lo se ly  t o  t h e  hydrologic and ecologic  

condi t ions  which would e x i s t  i n  t h e  absence o f  t h e  SWP and CVP. 

This regime i s  more n a t u r a l l y  s u i t e d  t o  f i s h  and w i l d l i f e  u s e s  

i n  t h e  Del ta  and Suisun Marsh. A t  t h e  same time, t h e  water  

p r o j e c t  d e l i v e r i e s  w i l l  be l e s s  adversely  impacted by t h i s  

approach than by e x i s t i n g  standards.  

If the  Board took no ac t ion ,  t he  e x i s t i n g  Basin Plans  (San 

Francisco Bay Basin (2)  and Sacramento-San Joaquin De l t a  

Basin (5B)) and wate r  r i g h t  Decision D 1275, as  amended by 

D 1291, would be cont ro l l ing .  The e x i s t i n g  s a l i n i t y  and out- 

f low condi t ions  t oge the r  wi th  t h e  Basin Plans and water  r i g h t  

dec i s ions  comprise the  t h e o r e t i c a l  "no act ion"  a l t e r n a t i v e  
. . 

aga ins t  which environmental e f f e c t s  of t h e  recommended plan-'have 

been assessed.  

The o v e r a l l  p ro t ec t ion  under t h e  recommended plan, while 

requi r ing  l e s s  f reshwater  outflow i n  water  s h o r t  years,would be 

g r e a t e r  than  would r e s u l t  i f  t h e  Board took no act ion.  This 

reduction i n  Del ta  outflbw i s  made poss ib le  by a  more e f f i c i e n t  

use of Delta water  suppl ies  and a b e t t e r  understanding of 



benef ic i a l  use needs i n  the  Delta. However, the  recommended 

plan does have some p o t e n t i a l  adverse impacts. 

I 

Under t h e  recommended plan, drinking water supply in takes  i n  the 

Delta would be protected t o  meet publ ic  hea l th  s a l i n i t y  drinking 

standards. I n  addition,  s a l t  s ens i t ive  indus t r i e s  present ly 

taking water offshore a t  Antioch i n  the  western Delta  would be 

ensured water qua l i ty  above t h a t  required f o r  drinking purposes. 

Extremely la rge  amounts. of freshwater would be required t o  main- 

t a i n  adequate water qua l i ty  immediately offshore a t  Antioch t o  

pro tec t  these i n d u s t r i a l  uses. However, a l l  p r inc ipa l  water 

users  i n  the  Antioch area, including the  i n d u s t r i a l  users,  are 

able t o  obtain su i t ab le  subs t i tu te  suppl ies  from the  Contra Costa 

Canal, a Central  Valley Projec t  f a c i l i t y  which withdraws water 

from the  Delta e a s t  of Antioch. I n  accordance with Water Code 

Section 12202, the recommended plan would require  t h a t  t h e  

qua l i ty  of the  s u b s t i t u t e  supply meet the  i n d u s t r i a l  needs t o  

the  same extent  t h a t  such needs would have been s a t i s f i e d  a t  

Antioch without the projects .  

Municipal and i n d u s t r i a l  use r s  of Delta waters would not be 

adversely af fec ted  by the  recommended plan, except possibly 

users  i n  the Contra Costa Canal service area. Under t h e  

recommended plan, water users  served by the  Contra Costa 

Canal would receive fewer days of good qua l i ty  water (150 m g / l  

chlor ide o r  b e t t e r )  i n  a l l  years  except wet years, than t h a t  

provided by the  "no action" a l te rna t ive .  The economic impact 



of t h i s  reduction i n  a v a i l a b i l i t y  of good qua l i ty  water f o r  

sa l t - sens i t ive  indus t r i e s  and municipal use r s  cannot be quanti- 

f ied,  but i s  a  po ten t i a l ly  s ign i f i can t  impact of t h e  recoxmended 

plan. 

Under the recornended plan, the  l e v e l  of pro tec t ion  provided t o  

Delta ag r i cu l tu re  would be t h a t  which would have been available 

t o  the  Delta i n  the  absence of the  projects.  The pa t t e rns  of 

Delta outflow and s a l i n i t y  under the  recommended plan would most 

of t h e  time be b e t t e r  than t h a t  of the  "no act ionw a l te rna t ive .  

No s ign i f i can t  environmental impacts t o  Delta agr icul ture  a r e  

expected o ther  than under l imited circumstances i n  t h e  western 

Delta. Even i n  the western Delta, the  recommended plan would 

provide b e t t e r  water qua l i ty  conditions i n  dry, below normal, 

above normal and wet years  than those of the  "no act ionw 
L- 

al te rna t ive .  

The recommended plan uses s t r i p e d  bass a s  the  key species i n  t h e  

Delta and Suisun Marsh. This species  has been used t o  develop 

f i she ry  standards because of i t s  importance and because infoma- 

t i o n  avai lab le  on t h i s  species  i s  t h e  most extensive. I n  view 

m of t h i s ,  the impacts of the recommended plan on the  f i shery  a r e  

assessed i n  terms of i t s  e f f e c t  on s t r i p e d  bass. However, a 
.. 

q u a l i t a t i v e  statement on the impacts of the plan on o ther  species  

, is  a l s o  presented i n  t h i s  report. 



Water q u a l i t y  l e v e l s  and t h e  r e su l t ing  freshwater outflow f r o m  

the  Delta required t o  p ro tec t  s t r i p e d  bass w i l l  benef i t  o the r  

f i s h  species. The recommended plan would require maintenance 

of s t r i p e d  bass populations on the  average a t  l e v e l s  that approach 

those t h a t  would have existed if t h e  p ro jec t s  had not been con- 

structed.  This pro tec t ion  i s  provided by spec i f i c  requirements 

f o r  su i t ab le  water qua l i ty  f o r  spawning and survival  of young 

bass during t h e i r  first year. Fish populations would vary with 

the  type of year, a s  they would have varied under conditions 

without t h e  projects.  The recommended plan envisions t h a t  any 

fu ture  f a c i l i t i e s  should be designed t o  improve the  l e v e l  of 

protect ion t o  f i she ry  resources. 

The impacts of t h e  recommended plan on t h e  f i she ry  have been 

broken down i n t o  various environmental components. The recommended 

plan would require  maintenance of su i t ab le  conditions f o r  s t r i p e d  

bass spawning. However, during water shor t  years  when def ic iencies  

a re  imposed by the  SWP and CVP on the  f i r m  suppl ies  of pro jec t  

water users ,  increases  i n  Delta s a l i n i t y  a r e  allowed which could 

reduce s t r i p e d  bass spawning a reas  i n  the  lower San Joaquin River. 

The impact on s t r i p e d  bass abundance of t h i s  shor t  term reduction 

i n  spawning a reas  cannot be determined with avai lab le  information. 

However, the  p o t e n t i a l  impact t o  s t r i p e d  bass spawning is considered 

ins igni f icant .  

I n  addition,  the  recommended plan on the  average would maintain 

s t r iped  bass surv iva l  a t  l e v e l s  higher than those under the "no 

actiontt  a l t e rna t ive .  The Str iped Bass Index under the  recommended 



plan would be 79 a s  compared t o  an index of 63 under t h e  "no 

act ionw a l te rna t ive .  This assessment is  based on c e r t a i n  

re la t ionships  between Delta outflow and abundance of s t r i p e d  

bass. Recent information suggests outflows f a l l  below those of the  

may not be va l id  when Delta outflow f a l l  below those of t h e  

1976 winter. Algal product ivi ty  may be insuf f i c i en t  under 

these conditions t o  support t h e  expected populations of s t r i p e d  

bass. 

I n  view of t h i s ,  the  recommended plan provides f o r  re-examination 

of the re la t ionships  between Delta outflow and s t r i p e d  bass. 

Since modifications of these re la t ionships  could ind ica te  need 

f o r  revis ions of the  f i she ry  standards, t h e  Board would review 

the  r e s u l t s  of t h i s  ana lys is  by the  Department of Fish and Game 

and consider whether f u r t h e r  ac t ion  i s  necessary. Nonetheless, 

when compared against  the "no act ionw a l te rna t ive ,  the  recommended 

plan would have no po ten t i a l  f o r  a  s ign i f i can t  adverse impact 

since the  standards control l ing during the  winter would be the  

same under both the recommended plan and t h e  "no act ionn 

a l t e rna t ive .  

Suisun Marsh provides hab i t a t  f o r  a  wide var ie ty  of wildl i fe .  

The Department of Fish and Game t e s t i f i e d  t h a t  measures t o . p r o -  

t e c t  waterfowl would a l s o  pro tec t  o ther  wildl i fe .  Most of Suisun 

Marsh would have been f u l l y  protected i n  a l l  but the  most c r i t i c a l  

years  under conditions without the  SWP and CVP. However, protec- 

t i o n  of the  Marsh a t  present poses an extremely d i f f i c u l t  problem. 
i 



Protect ion from adverse s a l i n i t y  conditions caused by operations 

of these p ro jec t s  would require  a cutback of about one-third i n  

water current ly  withdrawn from the  Delta f o r  use i n  o the r  p a r t s  

of California. Additionally, pro tec t ion  f o r  the  Marsh i n  any 

one year  could severely l i m i t  t h e  a b i l i t y  of the  p r o j e c t s  t o  

meet Delta water qua l i ty  standards l a t e r  i n  the  same year, due 

t o  reductions i n  upstream reservoi r  storage. Such commitment 

of l imi ted  upstream suppl ies  could a l s o  adversely impact t h e  

a b i l i t y  of the  p r o j e c t s  t o  provide needed pro tec t ion  t o  Suisun 

Marsh i n  subsequent years, p a r t i c u l a r l y  if extended dry periods 

occur. 

For these  reasons, t h e  recommended plan does not require  imme- 

d ia te  f u l l  Marsh protection. Rather, the  plan requires  an in te r -  

mediate l e v e l  of pro tec t ion  and ac t ions  t o  ensure t h a t  adverse 

impacts sustained by t h e  Marsh p r i o r  t o  1984 a r e  a t  l e a s t  p a r t i a l l y  

mitigated. From a p r a c t i c a l  standpoint, t h e  recommended plan 

of fers  e s s e n t i a l l y  the  same protec t ion  t o  Suisun Marsh p r i o r  t o  1984 

as does the  I1no action" a l te rna t ive .  Both r e l y  on uncontrolled 

flows f o r  Marsh protection. The recommended plan requires  t h a t  

the p ro jec t  operators work with o ther  agencies t o  develop a long- 

t e r n  pro tec t ion  plan f o r  t h e  Marsh by mid-19'79, and implement 
a 

t h i s  plan by October 1, 1984. .. 

The mit igat ion measures include the  requirement t h a t  inter im and 
b 

permanent subs t i tu te  water suppl ies  be provided f o r  Suisun Marsh 

t o  mit igate  t h e  CVP and SWP impact on t h i s  valuable resource. 

Mitigation of these p ro jec t  induced impacts should f u l l y  p ro tec t  

most of the  Marsh. 
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The Delta Plan deals with a l imited resource and involves 

essent ia l ly  the al locat ion of water shortages. The overal l  

protection t o  a l l  uses of Delta supplies under the  recommended 

plan would be greater  than that provided by the  "no actionw 

al ternat ive,  while requiring l e s s  freshwater outflow during 

c r i t i c a l  years. 



CHAPTER I1 

INTrnDUCTION 

The purpose of an environmental impact repor t  (EIR) is t o  i d e n t i f y  

the  s ign i f i can t  environmental e f f e c t s  of a p ro jec t  and t o  ind ica te  

the  manner i n  which such impacts can be mitigated. The p ro jec t  

considered i n  t h i s  F ina l  EIR is t h e  adoption of a water qua l i ty  

cont ro l  plan f o r  t h e  Sacramento-San Joaquin Delta and Suisun Marsh 

and of a water r i g h t  decision t o  amend water r i g h t  permits of the  

Department of Water &sources (Department) and U. S. Bureau of 

Reclamation ( ~ u r e a u )  . 
A. BOAKD ACTION 

The water qua l i ty  cont ro l  plan would e s t a b l i s h  s a l i n i t y  cont ro ls  

f o r  the  pro tec t ion  of benef i c i a l  uses  of Delta water suppl ies  and 

of Suisun Marsh. The same s a l i n i t y  cont ro ls  would be adopted i n  

a  water r i g h t  decision amending permits f o r  the  f ede ra l  Centf-al 

Valley Projec t  (CVP) and the  S t a t e  Water Pro jec t  (SWP) t o  ensure 

t h a t  the  operations of these f a c i l i t i e s  do not adversely a f f e c t  

benef i c i a l  uses. 

Even though two documents w i l l  be considered f o r  adoption by the  

Board, the plan and water r i g h t  decision represent  an e f f o r t  'by 

the  Board t o  develop under i ts  f u l l  au thor i ty  a s ing le  comprehen- 

s ive  s e t  of water qua l i ty  standards t o  p ro tec t  benef i c i a l  uses  

of Delta water supplies. A s ingle  environmental impact report  

(EIR) has been prepared t o  cover both the  p lan  and water rig'ht 

decision. 



The water q u a l i t y  controL plan f o r  t h e  Sacramento-San 

Joaquin Delta is  designed f o r  conditions over t h e  next t e n  

years. However, t h e  plan a l s o  provides policy guidance t o  t h e  

operators  of t h e  SWP and CVP f o r  use i n  t h e i r  long-range planning . n 

5 .  

a c t i v i t i e s .  

Delta water suppl ies  a r e  used f o r  municipal, i n d u s t r i a l  and agri- 

c u l t u r a l  purposes. I n  addition,  t h e  Delta and Suisun Marsh sue- 

t a i n  major inland f i s h e r i e s  and w i l d l i f e  populations. These uses - 

a r e  dependent on t h e  mainte-ce of s u i t a b l e  s a l i n i t i e s .  

Two major systems - t h e  CVP and SWP - export surplus  suppl ies  

from t h e  Delta t o  serve  a wide range of uses which a r e  a l s o  

dependent upon s a l i n i t i e s .  

S a l i n i t y  is t h e  primary water q u a l i t y  f a c t o r  a f fec t ing  benef i c i a l  

uses  of Delta water supplies and is d i r e c t l y  influenced by opera- 

t i o n  of pro jec t  f a c i l i t i e s .  Pas t  water r i g h t  decis ions regarding 

pro jec t  diversions from t h e  Delta have d e a l t  almost exclusively 

with s a l i n i t y  cont ro l  i n  es tabl i sh ing  water q u a l i t y  standards 

f o r  t h e  protect ion of benef ic ia l  uses of Delta water supplies. 

- 
The ex i s t ing  s a l i n i t y  cont ro ls  f o r  t h e  Delta and Suisun Marsh a r e  

- L 

contained i n  t h e  water q u a l i t y  cont ro l  plans f o r  t h e  Sacramento- - 
San Joaquin Delta Basin (Basin 5B) and t h e  San Francisco Bay Basin - . 

C 

(Basin 2) and i n  Decision D 1275, a s  amended by Decision D 1291. 



The Basin 5B and 2 plans contain comprehensive water quali ty 

standards which include the  following water qual i ty  c h a m c t e r  

i s t i c s :  physical (temperature, dissolved oxygen, turbidi ty ,  , 

II 

suspended solids,  color  and odor), inorganic (including sa l in i ty )  .- - 
and organic constituents, biological propert ies  and radioactivfty. - 

- Under the current proceeding, only the  s a l i n i t y  control  aspects 

of the basin plans w i l l  be modified a s  necessary t o  r e f l ec t  the 

most current information and changes i n  conditions. I n  a l l  other  

respects, the  basin plans w i l l  continue t o  be the guiding policy 

f o r  water quali ty control i n  the affected basins. 

Ekperience i n  implementing the  s a l i n i t y  standards i n  the basin 

plans and Board water r ight  decisions and information developed 
. .. 

during the  extensive evidentiary hearing on the  Delta and Su-. 

Marsh have made it apparent t ha t  the s a l i n i t y  standards mst be 

revised i n  order t o  ensure protection of each use i n  i ts  own 

r ight  and t o  ident i fy  the responsibi l i ty of the  projects  f o r  

s a l i n i t y  control i n  the  Delta and Suisun Marsh. 

The proposed Board act ion would es tabl ish  s a l i n i t y  standards t o  

ensure the protection of beneficial uses of Delta water supplies 

and would a f f ec t  the operations of the  SWP and CVP. The ~ e l k a  

and Suisun Marsh standards a l so  would have an effect  on environ- 

- mental conditions downstream a s  f a r  a s  San Francisco Bay. 

The consequences of the proposed act ion would be f e l t  generally 

throughout California. As explained i n  Chapter V, the  net  e f f ec t  

of the proposed act ion would be t o  provide greater  overal l  



protection t o  beneficial  'uses while reducing the amount of fresh- 

water outflows required than would be the case under the exis t ing 

s a l i n i t y  controls  of the  basin plans and D 1275. 
m 

-. 
The SWP i s  a t  a stage where the project  y ie ld  must be increased - 
i n  the near future t o  meet contractual commitments. , . 

The water quali ty standards established i n  the  plan w i l l  be incor- 

porated i n t o  water r igh t  permits of the Department and Bureau 

through a water r ight  decision. The water qual i ty  control  plan, 

when adopted, supersedes the Basin 2 and 5B Plans f o r  the same 

waters t o  the extent of any conflict .  

Upon i ts adoption, the  water quali ty control  plan w i l l  be submjttted 

t o  the  Environmental Protection Agency (EPA) f o r  approval i n  accord- 

ance with the  requirements of the  Federal Water Pollution Control 

Act ( a s  amended by PL 95-217) . This plan, when considered as an 

adjunct t o  the comprehensive basin plans, w i l l  s a t i s f y  a l l  federa l  

requirements. 

A more detai led description of the proposed act ion is s e t  fo r th  

i n  Chapter V of t h i s  report. 

B. RELATIONSHIP OF EZR AND WATER QUALITY CONTROL PLAN 

The select ion process through which the recommended water quali ty 

standards of the plan were developed included an analysis  of the  

potent ia l  environmental impacts of several a l ternat ive  actions. 

The development of the  water quali ty control  plan and E I R  has 

been an integrated process. 

The plan contains generally a more detai led discussion of 

l ega l  i ssues  and plan implementation, whereas the E1R:is 
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more complete i n  its discussion of t h e  technical  and environmental 

f a c t o r s  involved i n  the  analys is  of water q u a l i t y  c r i t e r i a  f o r  

various benef ic ia l  uses. I n  order t o  minimize the  amount of dupli- 
* 

cat ion i n  t h e  two documents, a  br ie f  discussion i n  one document may 

be referenced t o  a  more thorough discussion i n  t h e  o ther  document. - 

C. THE HEARING PROCESS AND THE EIR 

On September 28, 1976, a  not ice  was published t o  inform t h e  public 

of t h e  Board's i n t e n t  t o  review the  water r i g h t  permits of t h e  

Department and Bureau and t o  hold a public hearing f o r  t h e  purpose 

of developing an evidentiary record upon which t o  base the  proposed 

Board action. The not ice  indicated t h a t  t h e  hearing would be con- 

ducted as  a  dual hearing under t h e  water qua l i ty  and water r i g h t  

au thor i ty  of t h e  Board and t h a t  spec i f i c  procedures would be 

followed. I n  view of t h e  f a c t  t h a t  t h e  water r i g h t  hearing proce- 

dures a r e  more r e s t r i c t i v e ,  they were followed. While a l l  i n t e res ted  

individuals  were given an opportunity t o  present re levant  informa- 

t i o n  during t h e  course of t h e  hearing, these procedures provide 

t h a t  individuals  o r  agencies which have a  spec ia l  i n t e r e s t  a i d  

intend t o  present a  formal case can be qua l i f i ed  a s  "adversary 

pa r t i e s f f .  I n  accordance w i t h  these procedures, copies of a l l  

exhib i t s  and wr i t t en  mater ial  offered i n  evidence must be furnished 

t o  a l l  adversary p a r t i e s  p r io r  t o  presentation. Also, a l l  t e s t i -  

- mony must be presented under oath with an opportunity provided f o r  - - 
cross-examination of witnesses, and presentat ion of r e b u t t a l  evi- 

dence. In  view of the  dual nature of t h e  proceeding, the  Board 

has confined i t s e l f  t o  the  hearing record i n  developing t h e  water 

qua l i ty  control  plan. 



The EIR has been prepared t o  i d e n t i f y  systematical ly  - - t h e  - 

po ten t i a l ly  s i g n i f i c a n t  impacts of t h e  recommended water quality 

standards, a l t e r n a t i v e s  t o  t h e  proposed action, and t h e  manner i n  

which s i g n i f i c a n t  impacts can be avoided o r  mitigated. Although 

t h e  analys is  of environmental impacts r e l i e s  upon t h e  testimony 

and exhib i t s  presented t o  t h e  Board i n  t h e  hearing, it w a s  a l s o  

necessary t o  review other  mater ial  referenced by witnesses i n  

t h e i r  testimony o r  exhibi ts .  

The hearing process is  assumed t o  f u l f i l l  t h e  normal procedures 

required by Section 15066 of t h e  S t a t e  EIR ~ u i d e l i n e d  f o r  con- 

s u l t i n g  with persons or  agencies having expertise,  au thor i ty  or  

concern i n  t h e  a rea  of impact during preparation of t h e  Draft EIR. 

The Board's i n t e n t  was widely publicized and t h e  o f f i c i a l  published 

not ices  of hearing requested in te res ted  p a r t i e s  t o  submit infor- 

mation on po ten t i a l  impacts of t h e  Board's decision. 

The Draft EIR was ci rcula ted  widely t o  allow a l l  i n t e res ted  

persons o r  agencies t o  comment on the  scope of t h e  information 

considered by t h e  Board and t h e  analys is  of t h i s  information. 

A l l  areawide clearinghouses i n  Cal i fornia  and the  S t a t e  Clearing- 

house (SCH 77111538) were no t i f i ed  on November 4, 1977, of the  - 
Board's i n t e n t  t o  c i r c u l a t e  a Draft EIR and d r a f t  water q u a l i t y  

control  plan. The d r a f t  plan and D r a f t  E I R  were released f o r  - 
public review on March 15, 1978. 

1/ Chapter 3 ,  Division 6 of T i t l e  14, Cal i fornia  Administrative 
Code. 
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The Board held a public hearing on May 30, 1978, t o  receive comments . 

on t h e  d r a f t  Plan and the Draft EIRI  The hearing record was l e f t  

open u n t i l  June 15 ,  1978, i n  order t o  accommodate wr i t t en  comments 

on both documents. 

The respective concerns and t h e  Board's responses t o  them a r e  

contained i n  the  spec ia l  appendix t o  t h i s  report. These comments 

have been incorporated i n t o  the  Delta Plan and F ina l  E I R  as 

appropriate . 
This Fina l  E I R  contains the  information on environmental impacts 

which the  Board must consider p r i o r  t o  adopting a water qua l i ty  

control  plan f o r  the  Sacramento-San Joaquin Delta and Suisun 

Marsh and corresponding water r i g h t  decision. 



CHAPTER I11 

ENVIRONMENTAL SETTING 

A. PHYSICAL CHARACTERISTICS 

Geographic Description 

The Sacramento and San Joaquin Rivers  which d r a i n  t h e  Centra l  

Valley of Ca l i fo rn ia  j o in  i n  a l a r g e  lowland a rea  before  enter-  

i n g  San Francisco Bay. Much of t h i s  area ,  interwoven wi th  

n a t u r a l  channels, is  a t  o r  below sea  l eve l .  This n a t u r a l  low- 

land area ,  t h e  Sacramento-San Joaquin D e l t a , i s  roughly tr iangu- 

l a r  i n  shape and i s  bounded genera l ly  by a l i n e  extending from 

 sacrament,^ on t h e  nor th  t o  Verna l i s  i n  t h e  south, then  t o  

P i t t sbu rg  i n  t he  west, and back t o  Sacramento. 

The Delta i s  d i s t inguished  phys ica l ly  from t h e  Centra l  Valley by 

i ts  unique s o i l s  (Nuttonson, 1 9 6 A  t i d a l  in f luence  on surround- 

i n g  stream channels and low e leva t ion  of t h e  land. Through t h e  

years  an e labora te  system of man-made levees  has been developed 

t o  p ro t ec t  t h e  Delta lowlands from f looding  by t i d a l  a c t i o n  and 

high r i v e r  flows. Most of t h e  a g r i c u l t u r a l  a r e a s  a r e  surrounded 

year-round by water which has neces s i t a t ed  s p e c i a l  i r r i g a t i o n  

p rac t i ce s ,  and a h i s t o r i c a l  dependence on waterborne t ranspor ta t ion .  

References o ther  than t o  t h e  hear ing record a r e  l i s t e d  follow- 
i n g  t h e  repor t .  References here in  t o  t h e  hear ing record may 
be t o  e i t h e r  exh ib i t s  i d e n t i f i e d  by p a r t y  and exh ib i t  number 
o r  testimony i d e n t i f i e d  by r e p o r t e r ' s  t r a n s c r i p t  (RT) volume 
and page number. 



The l e g a l  boundaries of the  Delta were establ ished by t h e  Legisla- 

t u r e  i n  1959. The Delta, as defined i n  Section 12220 of t h e  

Cal i fornia  Water Code (see P l a t e  l ) ,  generally i s  comprised of 

those waterways above t h e  c ~ n ~ l u e n c e  of t h e  Sacramento and San 

Joaquin Rivers which a r e  influenced by t i d a l  act ion and about 

510,000 acres  of a g r i c u l t u r a l  lands which derive t h e i r  water 

supply from those waterways. It contains about 738,000 acres  

with a water sur face  area of over 48,000 acres.  There a r e  about 

700 miles of waterways with an aggregate navigable length i n  

excess of 550 miles, with some of t h e  channels a s  deep a s  50 t o  

60 f e e t .  A l l  references t o  t h e  Delta i n  t h i s  repor t  w i l l  mean 

t h e  area a s  defined i n  Water Code Section 12220 unless  otherwise 

s ta ted .  

Suisun Marsh is a na tu ra l  marsh area  located north of Suisun Bay, 

immediately west of t h e  Delta. A t  one time, some of t h e  land i n  

the  Marsh was reclaimed f o r  agr icul ture ,  but now most of t h e  area 

is managed primari ly  f o r  waterfowl and hunting purposes by p r iva te  

indiv iduals  and publ ic  agencies. The boundaries of t h e  Marsh have 

a l s o  been establ ished by t h e  Legislature  a s  defined i n  Section 

29101 of t h e  Public Resources Code (see  P l a t e  1) .  References t o  

Suisun Marsh i n  t h i s  repor t  w i l l  be t o  t h e  area  so defined unless 
- 

otherwise noted. 

Even though the proposed Board ac t ion  i s  l imi ted  t o  t h e  establish- - * 

ment of s a l i n i t y  controls  i n  t h e  Delta and Suisun Marsh, the  waters 

of San Francisco Bay, generally considered t o  include Suisun, San 



Pablo and San Francisco Bays, w i l l  be affected.  The plan poin ts  

out  t h e  need, i n  planning f u r t h e r  water development projects ,  t o  

invest igate ,  quantify and take i n t o  account unregulated flows t o  

pro tec t  the  Bay and e n t i r e  estuary. Such protect ion w i l l  be a 

fac to r  t o  be considered i n  connection with requests  f o r  new appro- 

p r i a t i o n s  of water from present ly unregulated flows. The e n t i r e  

waterway from the  Golden Gate through t h e  Delta i s  a continuous 

estuar ine system where water q u a l i t y  and l i f e  forms a r e  in te r -  

re la ted .  Therefore, t h i s  chapter a l s o  contains a descr ipt ion of 

physical and b io logica l  re la t ionships  i n  San Francisco Bay. 

Relationships Among Important Delta Features 

Under na tura l  conditions t h e  Sacramento and San Joaquin Rivers 

flowed unimpaired through the  network of channels forming a common 

Delta u n t i l  they joined near P i t t sburg  and discharged i n t o  Suisun, 

San Pablo, and San Francisco Bays. Much of t h i s  na tura l  Delta area 

was permanent t u l e  marsh covered with various types of aquat ic  vege- 

t a t ion ,  t r e e s  and grasses. S i l t  brought i n  by t h e  r i v e r s  i n t e r l a i d  

and accumulated on top of vegetation and peat, forming low i s l ands  

which were p a r t i a l l y  or  e n t i r e l y  covered with water a t  times 

(Dcpartrricnt 1 967). 

Large a reas  of the  na tu ra l  Delta were af fec ted  by t i d a l  action. 

Ordinarily, sa l twater  was present below Suisun Bay and freshwater 

was present i n  the  Delta. For shor t  i n t e r v a l s  i n  l a t e  summer of 

years  of low Central  Valley runoff, s a l i n i t y  incursion from San 

Francisco Bay extended i n t o  the  lower r i v e r  and Delta region. I n  

seasons of high runoff upper San Francisco Bay was fresh,  p a r t  of 

the  time, through the  Golden Gate. 



This va r i a t ion  i n  q u a l i t y  of water was not of s u f f i c i e n t  duration 

t o  a f f e c t  subs tan t i a l ly  t h e  c h a r a c t e r i s t i c  vegetative growth of 

t h e  regions above o r  below Carquinez S t r a i t ,  nor t o  modify t h e  

designation of Suisun Bay a s  o rd ina r i ly  a freshwater body and 

San Francisco Bay a s  ord inar i ly  s a l i n e  (Means, 1928, p. 1). 

I n  t h e  1860's reclamation began i n  t h e  na tu ra l  Delta on lands which 

now l i e  a t  e levat ions between 5 f e e t  above and 20 o r  more f e e t  below 

sea leve l ,  t h e  Delta wlowlands~'m These lands t o t a l l e d  about 

415,000 acres. Cooperative levee constrirction by l o c a l  landowners 

was undertaken t o  allow t h e  lands t o  be formed, and by the  1920's 

the  area was completely reclaimed and i n  ag r i cu l tu ra l  production 

(Baldwin, 1968, pa 210). 

Reclamation of land i n  t h e  Delta caused considerable a l t e r a t i o n  

of na tura l  channels. Some of t h e  smaller channels were closed, 

but many new a r t i f i c i a l  channels were created by dredge cuts  made 

t o  obtain mater ial  f o r  levee construction. Most of t h e  main na tura l  

channels were widened by the  excavation of levee mater ial  .(Department 

1967, p. 5).  

P r io r  t o  extensive reclamation, sa l twater  incursion i n t o  the  Delta - 
was a r a r e  occurrence. Records of 1775, 1841, and t h e  1870's indi-  - 

c a t e  t h a t  brackish water extended only a shor t  dis tance above t h e  - 
confluence of t h e  Sacramento and San Joaquin Rivers even i n  dry 



years. P r io r  t o  1920, t h e  invasion of s a l i n e  t i d a l  waters above 

Antioch happened a t  such r a r e  i n t e r v a l s  t h a t  t h e i r  occurrence w a s  

news (Baldwin, 1969, p. 211). Increased upstream i r r i g a t i o n  diver- 

sions,  reclamation and f lood control  e f f o r t s  combined t o  increase 

the  sa l twater  incursion i n t o  the  Delta a f t e r  1920 (Baldwin, ,1969, 

p. 211). 

The waters of the western Delta were used f o r  agr icul tura l ,  munici- 

pa l  and i n d u s t r i a l  purposes. These uses a r e  dependent on fresh- 

water, and t h e  presence of seawater caused problems. I n  t h e  20 

years between 1900 and 1920, the  area i r r i g a t e d  from t h e  Sacramento 

River system t r ip led ,  while i n  t h e  San Joaquin River system t h e  

increase was nearly fourfold. The t o t a l  area i r r i g a t e d  from both 

r i v e r  systems was 1,159,000 acres  i n  1920 (Department h l l e t i n  27, 

which i s  Department Exhibit 8 i n  proceedings leading t o  Decision 

D 1275, p. 126). J u s t  p r io r  t o  1918, levees were b u i l t  t o  pro tec t  

some of t h e  l a r g e s t  reclamation d i s t r i c t s  i n  t h e  valley. This work 

reduced t h e  na tu ra l  offstream re ten t ion  of high flows and reduced 

the  flow passing through t h e  Delta i n  l a t e  summer (Means, 1928, 

p. 14).  The combined e f fec t s  of these  and other  projects ,  coupled 

with the  dry years i n  t h e  period from 1917 t o  1926, accentuated 

t h e  problems associated with s a l i n i t y  incursion (Means, 1928, 

p. 1; Baldwin, 1969, p. 211). 

In  1940 t h e  Contra Costa Canal was constructed with i ts  intake a t  

Rock Slough i n  the  western Delta. The canal provides a dependable 

supply of water t o  portions of Contra Costa County, including t h e  



municipal i t ies  and indus t r i e s  which were p a r t i a l l y  dependent on 

diversion of water from t h e  Sacramento and San Joaquin Rivers i n  

t h e  zone of s a l i n i t y  incursion. 

High l e v e l s  of s a l i n i t y  incursion continued sporadical ly  u n t i l  

1944, when t h e  construct ion and operation of Shasta Dam increased 

t h e  summer outflow through the  Delta and thereby decreased t h e  

maximum extent of t h e  incursions (Baldwin, 1969, p. 211). I n  1951, 

t h e  Bureau constructed a pumping p lan t  near Tracy i n  t h e  southern 

Delta t o  export water f o r  de l ivery  t o  lands i n  t h e  San Joaquin 

Valley. The diversion of w a t e r  near Tracy could cause a southerly 

flow of water i n  t h e  na tura l  channels of t h e  c e n t r a l  Delta, r e s u l t -  

ing i n  t r a n s f e r  of Sacramento River water t o  t h e  pumps. Releases 

of water from Shasta Reservoir augmented t h e  na tura l  flow of t h e  

Sacramento River i n  t h e  summer and f a l l  and increased t h e  amount 

of water ava i l ab le  f o r  export during t h i s  period. I n  t h e  same 

year the  Delta Cross Channel with control  gates  w a s  constructed 

near Walnut Grove (see P l a t e  1 )  t o  allow a more e f f i c i e n t  t rans-  

f e r  of water t o  t h e  Tracy pumps. This t r a n s f e r  of water across  

the  Delta is discussed i n  more d e t a i l  l a t e r .  The Bureau has 

s ince  added major CVP storage f a c i l i t i e s  on t h e  American River 

and t h e  Tr in i ty  River. - 

I n  1967 t h e  S t a t e  Water Project ,  consis t ing of  Oroville Dam on t h e  - 
- - 

Feather River and t h e  SWP Delta Pumping Plant  west of Tracy (see 

P l a t e  l ) ,  began operation. The combined operation of t h e  two 

major pumping p lants  i n  t h e  southern Delta increased t h e  amount 

of water t r ans fe r red  across  the  Delta and diverted from it. 



Delta Hydrology and Hydraulics 

Variations i n  Delta Inflow. Cal i fornia  experiences changing 

weather pa t t e rns  each year. I n  some years, r a i n  is  frequent . I 

and runoff i s  abundant. I n  other  years, l i k e  1976 and 1977, 

r a in  is  infrequent and runoff is  scarce. Unimpaired inflow 

t o  the  Delta, the  inflow t h a t  would occur i n  the  absence 

of upstream reservoi rs  and developments, has ranged from 

47,500,000 acre-feet i n  1907 t o  6,300,000 acre-f e e t  i n  1977, 

with a 1906-1977 median of about 22,800,000 acre-feet .Y As 

hydrologic data  indicates ,  we r a r e l y  have an  "averagev year, 

with most years having higher o r  lower flows. I n  addi t ion t o  

var ia t ions  i n  runoff from year t o  year, there  a r e  seasonal 

var iat ions.  I n  t h e  Central Valley the re  is  a typ ica l  "wett' 

season i n  t h e  winter and spring, followed by a "dryft season i n  

summer and f a l l ,  with t r a n s i t i o n  periods between. 

Freshwater i n f l o w , t o  the  Delta i s  primari ly  from the  Sacramento and 

San Joaquin Rivers, although addi t ional  amounts a r e  contributed by 

l e s s e r  t r i b u t a r i e s  including the  Mokelumne and Cosumnes Rivers. I n  

the  period (1922-1944) p r i o r  t o  construction and operation of the  

SWP and CVP, the  Sacramento River provided about 80 percant of the  

t o t a l  inflow, the  San Joaquin River about 15 percent, while the  

remainder came from the  minor t r ibu ta r i e s .  I n  the  post-project 

period ( 1945-1971), the  Sacramento River provided about 75 percent, 

the San Joaquin River about 10 percent, with the  remainder from 

other  t r i b u t a r i e s .  

C lass i f i ca t ion  of Year Types. Rainfa l l  and runoff pa t t e rns  each 

year i n  the  Central  Valley r e s u l t  i n  wide va r i a t ions  i n  t o t a l  

unimpaired runoff. Currently the  Department and Bureau a r e  using 

2J Data from records of DWR Cooperative Snow Surveys, determined 
f o r  major flow s ta t ions .  



t he  hydrologic year c l a s s i f i c a t i o n  system described i n  Figure 

111-1 (Staff Exhibit  1, p. 1-4-13) t o  def ine below normal, dry 

and c r i t i c a l  years. 

These de f in i t ions  first came about a s  a r e s u l t  of Bureau water 

supply contracts  negotiated i n  t h e  ea r ly  1950ts,  when Shasta Dam 

was t h e  only CVP s torage  f a c i l i t y  i n  operation. This is  t h e  

reason t h e  c l a s s i f i c a t i o n  system now used i s  based on inflow t o  

Shasta Reservoir. The c l a s s i f i c a t i o n  system was establ ished 

because of t h e  grea t  importance of the  avai lab le  water supply 

insofar  a s  it af fec ted  Delta outflow conditions, contractual  

de l ive r i e s  by t h e  Bureau, and water q u a l i t y  conditions i n  t h e  

Delta and Suisun Marsh. 

Problems with t h e  present  c l a s s i f i c a t i o n  system include: (1) There 

is  no c l a s s i f i c a t i o n  covering above normal o r  wet years;  (2) Shasta 

Reservoir hydrology d i f f e r s  i n  many years from hydrology of the  

r e s t  of Sacramento Valley, a l l  of which a f f e c t s  t h e  Delta; and 

(3 )  t he re  is no recognition of water-short conditions i n  years 

following a c r i t i c a l  year. Accordingly, the  Department has 

suggested a revised hydrologic year  type c l a s s i f i c a t i o n  i n  t h e i r  

Exhibit 1. Figure 111-2 shows the  new c l a s s i f i c a t i o n  system, which 

is the  same a s  the  Department's recommendation except t h a t  the  "year 

following c r i t i c a l  year" designation does not apply t o  ag r i cu l tu ra l ,  - 
municipal, and i n d u s t r i a l  standards. This modification i s  necessary 

t o  ensure t h a t  the  year  c l a s s i f i c a t i o n  system i s  consis tent  with 

vested r ights .  

Tidal Action. Tides represent the  combined e f f e c t  of motion of 

the  e a r t h  and g rav i t a t iona l  inf luences of the  moon and the  sun. 

The t i d e s  go through one. com l e t e  cycle i n  about 25 hours. One 
81-8 
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FIGURE 111-1 

PREVIOUS DEFINITIONS OF TYPES OF WATER YEARS 

. - 
1. "Critical year" shall mean al~y year in which either of the TYPE OF YEAR 

following eventualities exists: - TT6'"" 

4. "Full nati~ral inflow to Shasta Lbkc" s!lsli moan the 
cornputrzd inflow to Shasla Lake t~nclcr present watcr 
develop~nunt above Sliasta Lakn. In thc cvcnt that a 
major watcr project i s  cornplotcd ;~bov~? S!iasta Lake 
zftcr 1 September 1963 which ma1cria:ly alters the 
prcscnt regimen of the stream systems contrit~uting to 
Shnsta Lake, tlic computcd inflow to Sllssta I.alte will be 
:tdjtrsircl to clirninate 111~ elfcct of SI IC~ W;liEt j.lroject. 
Aftc:~ ~:o l~\~~l t . l t ic)~ i  ~ i t l l  t 1 ~  St.1111, ~IIL! bV~!.l~h~>r I~LII.I!.I{I, 
and othcr ~ccoglii/ocl Ior~!c:,rslili~j ,~gtvicic.;, tllc U~iitt!d 
Statcs Ettrcau of Rcclatrrstion will sclact tile forec~st to 
bc uscd a~;d will rnakc t!le dctdils of i t  aiia;lablc to the 
Dulta vrater i t s c ~ s .  l'lie same forccastc ltscd by the Unit(.d 
States for the operation of the CeniraI Vallcjr Project 
shall be uscd to makc the forecasts under this agrecmenr. 
Such ~ ( J I C C ~ S ~ S  si laII  be madc by Febri~ary 15 of each 
ycar and may bc rc.ril;ccl as ft.equently thereafter ns con- 
ditions ant1 iriforniation warrant. 

a. The forecasted f ~ ~ l l  natural inflow to Sliasta Lake for 
tlie current water year (1 October of the preceding NORMAL 

calendar year through 30 September of the current 
calendar year) i s  equal to or less than 3,200,000 acre 
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b. The total accumulated actual deficiencies below 
4,000,000 acre-feet in the immediately prior water 
year or series of successive prior water years each of 
which had inflows of less than 4,000,000 acre-feet 
together with the forecasted deficiency for the 
c u ~  rent watcr year, exceed 800,000 acre-feet. d 

2. "Dry year" shall mean any year other than a critical ycrr 
in v~ l~ ich  the forecasted full natural inflow to Shasta Lake 
for tile current water year i s  equal to or Icss than 
4,000,000 acre-feet. 

3. "Belo~v normal year" shall mean any year in v~hich thc ( I )  CRITICAL 

forecasted full nalurdl inflow to Shasta lake for the 
cut rent watcr ycar i s  equal to or less than 4,500,000 acre- 
feet but more than 4,000,000 ac~c-fcct. 
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YEAR CLASSIFICATION 

- 
YEAR TYPE 9 

Critical 

Year classification shall be determined by the forecast 411 Y e a 7  Year Following 
of Sacramento Valley unimpaired runoff for the current water All Standards Critical Year 3~ 
year (October I of the preceding calendar year through Except 

equal to or less than 10.2 (except equal 
to or less than 12.5 in a year following 
a critical year).V 

Any otherwise wet, above normal, or below normal year may be designated a subnormal 
snowmelt year whenever the forecast of April through July unimpaired runoff reported in - 
the May issue of Bul let in 120 is less than 5.9 mil l ion acre-feet. 

I/ The year type for the preceding water year w i l l  remain in effect unt i l  the in i t ia l  forecast 
of unimpaired runoff for the current water year is available. 

)J "Year following cr i t ica l  year'' c lassif icat ion does not apply to  Agricultural, Municipal and ' 

Industria I standards, 

- - 1  

22.5 - 

75.7 

12.5 

September 30 of the current calendar year) as published in 
Cal ifornia Department of Water Resources Bul ietin 120 for -7- t 
the sum of the following locations: Sacramento River above - 

3 
Bend Bridge, near Red Bluff; Feather River, total inflow to 
Orovi lle Reservoir; Y uba River at Smartville; American 
River, total inflow to Folsom Reservoir. Preliminary 79w6 
determinations of year classification shall be made in 
February, March and April with final determination in May. 
These preliminary determinations shal l be based on hydro- 
logic conditions to date plus forecasts of future runoff 
assuming normal precipitation for the remainder of the 
water year. 
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complete cycle includes two high t i d e s  and two low t ides ,  each 

having a d i f f e r e n t  t i d a l  elevation. Therefore, each t i d a l  cycle 

has a low-low t i d e ,  high-low t ide ,  low-high t i d e ,  and high-high 

t ide .  The high-high t i d e  has spec ia l  s igni f icance  s ince  its 

occurrence coincides generally with t h e  time of d a i l y  maximum 

s a l i n i t y  in t rus ion  i n t o  t h e  Delta. The back-and-forth movement 

of the  t i d e s  provides t h e  predominant f lushing  ac t ion  i n  the  Delta, 

except during periods of very high Delta outflow. 

Counteracting t h e  force of t h e  t i d e s  from San Francisco Bay and t h e  

Paci f ic  Ocean a re  freshwater inflows from the  Sacramento and San 

Joaquin Rivers. Flows a t  any time i n  Delta channels a r e  t h e  r e su l t an t  

of these opposing forces. Many times when inflow is low, upstream 

flow i n  Delta channels occurs with an incoming t ide .  Such t i d a l -  

caused flow reversa ls  occur over most of the  Delta during low flow 

periods althbugh it i s  often masked i n  p a r t s  of the  Delta by inf lu-  

ence of the  export pmps. Tidal ac t ion  generally r e s u l t s  i n  water 

moving back and for th.  However, the  net  f l o w  over the  t i d a l  cycle 

i s  usual ly  downstream. A t  high export r a t e s  the  ne t  flow of water 

can reverse and move toward the  export pumps. 

Mixinn. The Delta outflow regime responds t o  the competing forces  

of the  t i d e s  and inflow, and Delta s a l i n i t y  responds t o  the dif- 

ferences i n  s a l i n i t y  of these two water sources. The l e s s  dense 

freshwater tends t o  flow seaward above the  more dense s a l i n e  water. 

Although t i d a l  cur rents  cause v e r t i c a l  mixing of the  f r e s h e r  water 

downward and the  more s a l i n e  water upward, there  s t i l l  a r e  two 

l aye r s  r e su l t ing  from the densi ty  differences.  The seaward flow . 

and t i d a l  ac t ion  r e s u l t  i n  the  establishment of opposing ne t  flow 



pat terns ,  an upper seaward flowing l aye r  of f r e she r  water and an 

underlying landward flowing l aye r  of more s a l i n e  water. There 

is  no marked i n t e r f a c e  between the  oppositely flowing waters, 

although s a l i n i t y  increases  from top t o  bottom. 

The forces  influencing t h e  mixing of freshwater and sa l twater  a r e  

suggested by Figure 111-3 (Bureau Exhibit 39). The grea ter  t h e  

freshwater flow, the  grea ter  t h e  hydraulic h e a d a d  the  grea ter  

the  seaward dr iving force. Higher Delta outflows tend t o  s h i f t  

the  s a l i n e  water/freshwater mixing zone seaward, increasing t h e  

s a l i n i t y  s t r a t i f i c a t i o n  and compressing the  mixing zone. ' A t  

some loca t ion  i n  t h e  upper p a r t  of t h e  San Francisco Bay-Delta 

estuary, t h e  landward force  i n  the  lower l aye r  i s  equalled by 

the  seaward force of t h e  freshwater flow. I n  t h i s  region the  

opposing fo rces  a r e  n u l l i f i e d  and an area  of no ne t  flow, o r  "nul l  

zoneff is  created. The flow pa t t e rn  and general loca t ion  of the  

n u l l  zone with respect  t o  t h e  mixing zone a r e  a l s o  shown i n  Figure 

111-3. The f'entrapment zone", an associated phenomenon caused by 

the  same hydraulics t h a t  c rea te  t h e  n u l l  zone, i s  general ly  down- 

stream from and adjacent t o  the  n u l l  zone and a c t s  t o  "trapw 

sediments and nut r ien ts .  Herein l i e s  the  importance of these zones 

t o  t h e  f i shery ,  s ince  accumulated nu t r i en t s  play an important p a r t  - 
i n  t h e  aquat ic  food chain. These nu t r i en t s  a r e  important i n  growth 

of phytoplankton, which controls  zooplankton growth and eventual 1 

f i s h  survival .  

The loca t ion  of the  n u l l  zone changes with var ia t ions  i n  Delta 

freshwater outflow. High Delta outflows force  t h e  n u l l  zone 



FIGURE 111-3 

FORCES INFLUENCING TWO LAYER FLOW 
AND VERTICAL MIXING IN ESTUARIES 
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toward San Francisco Bay, while low Delta outflows cause the  nu l l  

zone t o  recede upstream towards t h e  Delta. Since t i d a l  fo rces  vary 

throughout t h e  t i d a l  cycle, the  locat ion of the  n u l l  zone would be 
.. 

expected t o  be f u r t h e r  upstream on high s lack t i d e  and f u r t h e r  . - 

downstream on low s lack  t ide ,  a s  Figure 111-4 (Bureau Exhibit 45) . 
shows. A t  the . t ime of maximum flow of water during the  f lood t i d e ,  

t h e  entrapment zone is general ly  l a r g e r  and located between its 

posi t ions during high and low slack t ides .  

S a l i n i t y  conditions i n  t h e  Delta and down through Suisun Marsh 

depend on t h e  magnitude of freshwater outflow. A s  with t h e  n u l l  

zone, the  l a r g e r  t h e  freshwater outflow, t h e  f u r t h e r  downstream 

i s  t h e  in te r face  between freshwater and seawater. There is no 

abrupt boundary between seawater and freshwater, and a gradient 

o r  gradual change i n  s a l i n i t y  with dis tance exis ts .  The length 

and magnitude of t h i s  gradient va r i e s  w i t h  Delta outflow. The 

Department presented information i n  t h e  hearing which predic ts  the  

s a l i n i t y  gradient west of t h e  Delta and up t h e  Sacramento River 

f o r  varying Delta outflows (Department Exhibit 7B). The key t o  

s a l i n i t y  control  i n  t h e  Delta l i e s  i n  such inverse flow-salinity 

r e l a t i  onships. 

Delta Outflow. Net outflow of freshwater from t h e  Delta i s  not now - 

suscept ib le  t o  d i r e c t  measurement s ince,  a t  times, the  estimated d 

ne t  Delta outflow may be l e s s  than 5 percent of t h e  flows due t o  

t i d a l  f luc tua t ions .  However, t h e  ne t  Delta outflow i s  important 

f o r  purposes of water qua l i ty  c o n t r ~ l  and water resource management. 
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To provide a common base f o r  operation of t h e i r  pro jec t  f a c i l i -  

t i e s ,  t h e  Department and t h e  Bureau have j o i n t l y  establ ished a 

Delta Outflow Index. One of the  c r i t i c a l  f ac to r s  i n  determining . 
t h e  Outflow Index is  t h e  ne t  Delta consumptive use. This f a c t o r  - 
was f ixed i n  t h e  Federal-State Memorandum of Agreement dated . 
April 9, 1969 (hearing preceding Decision 1379, Bureau Exhibit 576). 

The consumptive use  values were based on a 1955 Delta land use  

survey, estimates of consumptive use by i den t i f i ed  crops, changes 

i n  s o i l  moisture, and estimates of leaching requirements. A sub- 

sequent amendment t o  t h e  Memorandum of Agreement dated October 10, 

1969, establ ished a Delta Outflow Index i n  which ne t  Delta outflow 

is  equal to :  (1) Delta inflow from the  major t r i b u t a r i e s ,  minus 

(2) ne t  Delta consumptive use, minus ( 3 )  SWP and CVP export pump- 

ing. The inflow and export values a r e  measured, while t h e  consump- 

t i v e  use f i g u r e s  a r e  those f ixed  i n  t h e  April 9, 1969 agreement. 

Therefore, t h e  Index i s  an accurate representat ion of t r u e  ne t  

Delta outflow only when consumptive uses match t h e  values used i n  

t h e  Index. During port ions of very dry o r  very wet years, the  

Index cannot be expected t o  be representa t ive  of t r u e  ne t  outflow. 

This was the  case i n  1976 and 1977, when Delta consumptive uses were 

much higher than normal during t h e  ea r ly  p a r t  of t h e  year. These 

high ear ly  season consumptive uses were due primarily t o  extensive 

pre- i r r iga t ion  necess i ta ted  by depleted s o i l  moisture caused by 

lack of s u f f i c i e n t  r a i n f a l l .  

Pre-Proj ec t  Conditions. Under pre-pro j ect  conditions (1920-1944), 

seawater moved upstream toward and i n t o  t h e  Delta when freshwater  

inflows t o  the  Delta decreased. Typically, maximum s a l i n i t y  



in t rus ion  occurred sometime i n  August or  September. Figure 111-5 

shows t h e  maximum s a l i n i t y  in t rus ion  each year f o r  pre-project 

.. conditions, a s  reflec$ed by t h e  locat ion of t h e  1000 ppm chloride 

1 i n e . V  The wide f luc tua t ion  i n  t h e  maximum s a l i n i t y  in t rus ion  

from year t o  year is due t o  the  large-scale var ia t ions  of fresh- 

water Delta inflows from t r i b u t a r y  streams experienced during t h e  

1920-1944 period. These var ia t ions  r e f l e c t  differences not only 

i n  t o t a l  annual inflows, but a l s o  i n  t h e  seasonal d i s t r i b u t i o n  of 

those inflows. For instance, extensive s a l i n i t y  i r ~ r u s i o n  resu l t ed  

from reduced freshwater inflows i n t o  t h e  Delta during 1924 and 

1931, both of which were c r i t i c a l  water supply years as defined 

i n  Figure 111-1. Conversely, high runoff i n  t h e  Central  Valley 

during 1938 held t h e  maximum s a l i n i t y  in t rus ion  t o  t h e  western 

border of the  Delta. 

Figure 111-6 i l l u s t r a t e s  t h e  progressive in t rus ion  of seawater 

during a typica l  c r i t i c a l  year, 1939. A s  shown i n  t h i s  f igure ,  

s a l i n i t y  in t rus ion  i n t o  t h e  western Delta commenced sometime i n  

June, gradually pushing i ts  way i n t o  t h e  c e n t r a l  portion of t h e  

Delta by August and September. The maximum s a l i n i t y  in t rus ion  

irit,o the. S;icramc?nto H i v c > r  1)ortiorl of the  Delta occurred on August 
.. 18. After t h a t  date,  inflows t o  the  Delta increased s u f f i c i e n t l y  

t o  repulse s a l i n i t y .  These increased inflows marked t h e  close of 
C 

the i r r i g a t i o n  season f o r  many crops i n  the  Sacramento Valley, 

r e su l t ing  i n  subs tan t i a l  reductions i n  upstream withdrawals from 

2/ The 1000 ppm chloride concentration, which is  unusable f o r  
most benef ic ia l  uses i n  t h e  Delta, has been used h i s t o r i c a l l y  
a s  a measure of s a l i n i t y  in t rus ion  s ince  t h e  1920's. 
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t he  Sacramento River and accre t ions  by re tu rn  flows from upstream 

development. In  t h e  southern port ion of the  Delta along t h e  San 

Joaquin River, t h e  maximum s a l i n i t y  in t rus ion  did not occur u n t i l  

September. S a l i n i t y  repuls ion i n  t h e  San Joaquin River was much 

slower than i n  the  Sacramento River portion of the Delta. 

Pre-project conditions generally provided adequate protect ion of 

many Delta benef ic ia l  uses i n  most years. In  dry and c r i t i c a l  

years, maximum s a l i n i t y  in t rus ion  extended inland a s  indicated by 

the  monthly in t rus ion  pa t t e rn  f o r  1939, shown on Figure 111-6. 

Thus, even i n  dry and c r i t i c a l  years there  was su i t ab le  water 

q u a l i t y  f o r  many uses during much of the  summer. The duration 

and extent of seawater in t rus ion  a r e  important i n  assessing i ts  

impact on Delta benef ic ia l  uses. 

As inflow t o  the  Delta decreased through the  summer, the e f f e c t s  

of the  t i d e s  overcame the  downstream forces  of inflow and 

s a l i n i t y  in t rus ion  occurred. During the f a l l ,  inflows increased 

s u f f i c i e n t l y  t o  overcome t i d a l  fo rces  and repulse t h e  s a l i n i t y  

intrusion. 



Post-Project Conditions. . Operations of t h e  CVP and SWP and other  

water development pro.jects have resul ted  i n  subs tan t i a l  regula t ion  

of stream flows t r ibu ta ry  t o  t h e  Delta. More than 20 mil l ion  

acre-feet of s torage capacity e x i s t s  i n  major reservoi rs  i n ' t h e  

watersheds t r i b u t a r y  t o  t h e  Delta. The maximum annual s a l i n f t y  

in t rus ion  i n t o  t h e  Delta f o r  t h e  post-project period 1945-1976 ' 

is  shown i n  Figure 111-7. Project  operations have reduced winter" 

and spr ing  outflows and increased summer and f a l l  outflows. These 

operational outflow modifications generally have kept t h e  maximum 

s a l i n i t y  in t rus ion  i n t o  the  Delta ( the  1000 ppm chloride l i n e )  a t  

a point f u r t h e r  west than would otherwise have been t h e  case. In  

most years s ince  1915, maximum s a l i n i t y  in t rus ion  has not extended 

much beyond Emmaton and Jersey Point. Generally s a l i n i t y  over t h e  

l a s t  30 years through much of the  summer has been somewhat 

l e s s  than would have occurred without the  e f f e c t s  of reservoi r  

regulation, depletion and export. However, t h e  1000 ppm chloride 

l i n e  reached Antioch e a r l i e r  i n  t h e  year  during below normal, dry 

and c r i t i c a l  runoff years of the  post-project period than i n  

s imi lar  year types p r io r  t o  pro jec t  operations (NDWA Exhibit  D). 

Information furnished during t h e  hearing shows t h a t  under post- 

project. conditions 1 . 1 1 ~  1000 ppm chloride l i n e  has intruded i n t o  

t h e  Delta e a r l i e r  i n  t h e  year, but has not extended as far upstream 

a s  under pre-project conditions. 

Post-project flow pat te rns  i n  the  Delta have a l so  been grea t ly  

influenced by operation of the  projects .  The Bureau took ac t ion  

t o  increase the  eff ic iency of water t ranspor t  across t h e  Delta 
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through construction of the  Delta Cross Channel i n  1951, concurrent 

w i t h  t h e  completion and operation of CVP export f a c i l i t i e s  i n  t h e  

southern Delta. The hydraulic capacity of Georgiana Slough is 

i n s u f f i c i e n t  t o  convey the  necessary flows through i n t e r i o r  channels 

of t h e  Delta t o  these  export f a c i l i t i e s  during low flow periods. 

The Cross Channel, which connects t h e  Sacramento and Mokelumne Rivers 

v i a  Snodgrass Slough, provides addi t ional  capacity by control led 

diversions i n t o  t h e  Mokelumne River through a gated s t ruc ture .  

Exports have increased s ince  1951, and p a r t i c u l a r l y  s ince  1967 when. 

SWP export f a c i l i t i e s  began pumping. With such l a r g e  exports and 

with current operational prac t ices  of t h e  SWP and CVP, flow rever- 

s a l s  normally occur each year i n  Old and Middle Rivers, between t h e  

San Joaquin River i n  the  cen t ra l  portion of t h e  Delta and t h e  

export pumps near Tracy. 

Transport of Sacramento River water i n t o  c e n t r a l  portion of the  

Delta v i a  t h e  Cross Channel does not always s a t i s f y  a l l  of t h e  

export needs. During periods of high Delta inflow, the re  i s  

enough water from the  San Joaquin River, eas tern  Delta t r i b u t a r i e s  

and water transported from the  Sacramento River t o  meet much of t h e  

. export demands. Under high exports, low San Joaquin River inflow, 

and high Delta consumptive uses, however, water m u s t  reach t h e  

rn pwnps along addi t ional  paths. Under these conditions, reverse flows 

around the  lower end of Sherman Is land from t h e  Sacramento River 

t o  t h e  San Joaquin River have occurred from the  e a r l i e s t  days of CVP 

operation and more frequent ly i n  recent years. Reverse flows a l s o  

can occur with high Sac ramento River flows, high exports and low 



San Joaquin River flows, $as i n  January 1978. Additionally, - . .. . 
flow reversa l  i n  t h e  main channel of t h e  San Joaquin River from 

Stockton south t o  t h e  b i furca t ion  with Old River near Mossdale 

occurs general ly  when t h e  export r a t e s  a r e  g rea te r  than f i v e  times n 

t he  San Joaquin River inflow a t  Vernalis (RT Vol. IN, p. 163). . -* 

The various flow rever sa l s  a r e  pictured i n  Figure 111-8. . 

Without Pro jec t  Conditions. One of t h e  primary concerns i n  pre- 

paring a water q u a l i t y  cont ro l  plan f o r  the  Delta i s  evaluation of 

the  e f fec t s  of C W  and SWP operations and exports on Delta vested : 

water r ights .  Without pro jec t  conditions r e f l e c t  t h a t  theore t i -  

ca l  water q u a l i t y  which would current ly  e x i s t  i n  t h e  absence of t h e  

CVP and SWP. 

Upstream water development (including non-state/federal f a c i l i t i e s )  

continued t o  increase a f t e r  1945. This development includes s torage 

f a c i l i t i e s  f o r  i r r i g a t i o n  and municipal suppl ies  and f o r  hydro- 

e l e c t r i c  power generation, and has been accompanied by subs tant ia l  

increases  i n  upstream consumptive uses. The e f f e c t  of increased 

non-state/f ederal  upstream depletions and. regulat ion on Delta 

water qua l i ty  has been masked t o  a subs tan t i a l  degree by CVP 

operations from 1945-1967, and s ince  1967 (when SWP operation 

began) by both CVP and SWP operations. . The fede ra l  and s t a t e  
. 

projec ts  u n t i l  1976 had more avai lab le  y ie ld  *an needed f o r  t h e i r  
8 

contractors.  Consequently, t h e  pro jec ts  released l a r g e  quan t i t i e s  .. 

of water t h a t  increased Delta outflows i n  t h e  summer and f a l l .  

Over t h e  l a s t  decade, t h e  a v a i l a b i l i t y  of these  surplus  pro jec t  

suppl ies  has decreased a s  pro jec t  export demands have increased. 
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I n  developing without pro jec t  condi,tions, t h e  pre-project s a l i n i t i e s  -- 

were increased by an incremental amount equivalent t o  t h a t  r e su l t -  ' 

i ng  from t h e  Delta outflow reduction a t t r i b u t e d  t o  t h e  increased 

1980 l e v e l  non-project depletions. Data used i n  ca lcula t ing  these  4 

deplet ion adjustments a r e  l imi ted  (Department Exhibit  11-12). Con- 

sequently, these  estimates may requi re  some refinement i n  f u t u r e  .. . 
revis ions  of t h e  proposed water q u a l i t y  control  plan. The r e s u l t s  

of t h i s  ana lys is  a r e  shown i n  Figures 111-9, III-10, and III-~! ' 

The theore t i ca l  conditions shown i n  these f igures  should c lose ly  

approximate those conditions which would,exis t  i n  t h e  absence of 

the  CVP and SWP. 

Delta s a l i n i t y  under without pro jec t  conditions would have been 

worse i n  wet and normal years  than occurred under pre-project 

conditions. Delta s a l i n i t y  i n  c r i t i c a l  years would be about t h e  

same under e i t h e r  s e t  of conditions, due i n  pa r t  to  the  regulat ion 

of spr ing  and summer flows by non-project r e se rvo i r s  f o r  both irri- 

gation and hydroelectr ic  power generation, and t h e  f a c t  t h a t  summer 

flow i n  t h e  Sacramento and San Joaquin River systems e s s e n t i a l l y  

had been f u l l y  appropriated by t h e  mid-1950's. 

In-basin use of water i n  excess of t h e  avai lab le  supply has depended 

on the  development of r e se rvo i r  s torage and t h e  use o f  groundwater 
- - 

t o  meet these needs. Many rese rvo i r s  a r e  operated f o r  hydroelectric 

power production. These pro jec ts  general ly  s t o r e  water during high - 

4/ See RT Vol. XX, p. 47 e t  seq. and Staf f  Exhibits 4 and 5 f o r  . 

methodology on t h e  development of these f igures .  



WESTERN DELTA WATER QUALITY (electrical coadrrctivity), - . . . . 

DURIIIG APRIL THROUGH SEPTEWER FOR EACH YEAR TYPE 

SACRAMENTO RIVER AT ENMATO# 

kLu 

- 
J ul.v 

APPROXIMATE 
CONVERSIONS 

EC CI- TDS 

2 52 

-I--#- --I* 

SAM JOAQUIN RIVER AT JERSEY POINT 

- 
a " 

APPROXIMATE 
CONVERSIONS 

-#.+ 

- 4 - 2 , E  

--#- 

- 
mas 
- 

*+ 
IYI - 
U I L  

EC CI- TDS 

rn l M m 'am- - n 
m a  - 

i 

1 -- 3 ~an cormted to npraaant w tide c r d t h n  1 J 



IlTERlOR DELTA WATER QUALITY (electrical conductivity), 

DURlllG APRIL THROUGH SEPTEMBER FOR EACH YEAR TYPE li 

NOKELUWE RIVER AT CEWTRAL LACQDIWG 

4 - * *  1 

m. * 
" 

.yL 

APPROXIMATE 
CONVERSIONS 

- 
llnl 

- 
WI - 
*- * - 

IIK 

EC CI- TDS 
, . 

FALSE RIVER AT WEBB PUMP 

' = = - ulTIUL 

ma- 

. A 

APPROXIMATE 
CONVERSIONS 

EC CI- TDS 

a 



SA# JOAQUIM RIVER at ANTIOCH (Calendar Year) 
Nwnber of Days Less Than Specified Chloride Limits 

VS, Sacramento Valley Unimpaired Ru~of f  
1922 thru 1944 

H idorical Cenditions 
--- 1980 Upstrean Depletions (without CVP 'SWP) 

V D l a  Caneclad tg Raglose111 Uen 

21 Correlation Coelficient (rf is Only 
sf the cum Shorn 

-80% 

%be Conditions 

for that Portion 

SACRAMENTO VALLEY UNIMPAIRED RUNOFF IN M. A. F: 



flow periods and r e l e a s e  t h e  water during t h e  low flow summer and 

f a l l  months t o  meet t h e i r  respect ive needs. This a l s o  provides 

the  Delta with some benef i t  from carryover of these s tored  flows 

i n t o  dry and c r i t i c a l  years. .. . . 

Suisun Bay and Suisun Marsh Hvdrolom 

The Suisun Marsh a rea  around t h e  northern periphery of Suisun Bay 

was a na tu ra l  brackish water marsh p r i o r  t o  widespread reclamation 

f o r  ag r i cu l tu ra l  purposes. However, the  ag r i cu l tu ra l  developments 

were l a rge ly  unsuccessful because of poor drainage and accumulation 

of s a l t s  i n  t h e  s o i l .  The reclaimed marsh lands were gradually 

converted t o  p r iva te  duck clubs and S t a t e  w i l d l i f e  management 

areas. The e n t i r e  a rea  cons is t s  of 84,190 acres, of which about 

26,880 acres  a re  bays and sloughs. The remaining 57,310 acres  

a r e  diked, managed wetlands. Approximately k5,710 acres  of managed 

wetlands a r e  p r iva te ly  owned and used primarily f o r  duck hunting. 

O f  t h e  remaining managed area,10,490 acres  a r e  owned and operated 

by t h e  S t a t e  of Cal i fornia  a s  a waterfowl management area, wild- 

l i f e  refuge and public recrea t ion  area,and 1,110 acres a r e  con- 

t r o l l e d  by t h e  U. S. Navy. Since eventual ownership by the  s t a t e  

of a major port ion of the  managed area i n  t h e  Suisun Marsh is  

unl ikely,  it is v i t a l  f o r  t h e  maintenance of waterfowl populations 

i n  Cal i fornia  t h a t  conditions i n  t h e  p r iva te ly  owned and managed 

marsh area  remain s u i t a b l e  f o r  waterfowl. 

Waterfowl a r e  a t t r a c t e d  t o  Suisun Marsh primarily by t h e  presence 

of l a r g e  areas  of water and the  abundance of food. The most impor- 

t a n t  food p lants  a r e  a l k a l i  bulrush, brass  buttons, and f a t  hen, 



whose seeds provide t h e  bulk of t h e  winter food supply. The abun- 

dance and d i s t r ibu t ion  of food p lants  within t h e  Marsh is controlled 

by a  number of f a c t o r s  including length of time of submergence and 

s a l i n i t y  i n  the  first  foo t  of s o i l ,  which is t h e  s a l i n i t y  t o  which 

t h e  roo t s  of the  plants  a r e  subject.  

The duck clubs flood the  lands about t h e  f i r s t  week i n  October t o  

a t t r a c t  waterfowl i n  t h e  area p r io r  t o  opening of t h e  waterfowl 

hunting season i n  Mid-October. Flooding i s  control led by opening 

t i d e  gates i n  the  levees t o  a d m i t  water from t h e  sloughs and 

channels surrounding t h e  managed areas. The water l e v e l  i n  t h e  

ponds i s  generally reduced, o r  t h e  ponds drained, a f t e r  t h e  hunt- 

ing  season i s  over i n  January. Depending on t h e  management 

prac t ices  of t h e  clubs,the lands may be permanently ponded o r  

a l t e r n a t e l y  flooded and drained, t o  provide s u i t a b l e  s a l i n i t y  

conditions f o r  the  desired food plants.  

Seed productivity of the  des i rable  food p lan t s  decreases a s  sal in-  

i t y  increases  within the normal range of Suisun Bay s a l i n i t y .  The 

na tura l  high s a l i n i t y  content of t h e  s o i l  underlying the  Marsh and 

the use of brackish water f o r  f looding and leaching makes s a l i n i t y  

management a necessi ty  f o r  continued maintenance of t h e  Marsh i n  

i t s  present form. 

The s a l i n i t y  of water within Suisun Bay, is  a  function of t h e  f r e s h  

water outflow from the  Delta. Thus, the  s a l i n i t y  of water along 

the  northern boundary of the  Bay va r i e s  seasonally. S a l i n i t i e s  

of the  water i n  Montezuma Slough a r e  lower than i n  Suisun Bay f o r  



a longer per iod of time each year  because the  Slough receives 

inflow from the  sacramento River f u r t h e r  upstream than Suisun Bay. 

Montezuma Slough and o ther  major sloughs a l s o  receive seasonal 

freshwater inflow from numerous t r i b u t a r y  channels t o  the  north from ' 

l o c a l  p rec ip i t a t ion  and runoff. A comparison of s a l i n i t y  i n  t h e  

water a t  severa l  loca t ions  within the  Suisun Marsh a rea  and i ts tri- 

bu ta r i e s  and channels is  shown i n  Table 111-1. A s  noted on Table 

111-1 some of t h i s  data was taken a t  random t ides .  Because t i d a l  

influences can have a dramatic e f f e c t  on sa l in i ty ,usefu lness  of t h i s  

data i s  limited. While s a l i n i t i e s  i n  port ions of Suisun Marsh channels 

a re  general ly  representat ive of Suisun Bay s a l i n i t i e s ,  there  i s  a 

s a l i n i t y  l a g  i n  the  Marsh both i n  the summer when s a l i n i t i e s  a r e  

increasing and i n  t h e  f a l l  when s a l i n i t i e s  a r e  decreasing. The 

l a g  phenomenon r e s u l t s  i n  low s a l i n i t y  water being maintained i n  the  

Marsh l a t e r  i n  the spr ing and i n  ea r ly  summer, but a l s o  r e s u l t s  i n  

higher s a l i n i t y  l a t e r  i n  t h e  f a l l  before t h e  Marsh channels a r e  

flushed by increased Delta outflows  o ones and Stokes e t  al, 1975, 

p. 283). More recent data  e x i s t s  f o r  most of the  areas  shown i n  

Table 111-1. However, t h i s  t ab le  adequately shows re la t ionships  

s t a t e d  above. 

The l o c a l  watershed t r i b u t a r y  t o  Suisun Marsh is  an important 

f a c t o r  i n  terms of water supply and water qual i ty .  The drainage 

area  upland from the  Suisun Marsh and above the  5-foot e levat ion 

contour i s  about 250 square miles (see Figure 111-12). Measure- - .  
ments of the  flow of streams t r i b u t a r y  t o  the  Marsh a r e  not avail-  .. ' 

able,  but the  S o i l  Conservation Service estimates t h a t  the  upland 

t r i b u t a r y  areas  contr ibute  an average of about 65,000 acre-feet 

of water p e r  year t o  t h e  Marsh, while p rec ip i t a t ion  on the Marsh 

i t s e l f  contr ibutes  about 55,000 acre-feet pe r  year   ones and 

Stokes e t  a l ,  1975, p. 267). I n  Cal i fornia ,  most of the r a i n f a l l  
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TABLE 111-1 

JIll 6,- 3,- 100 1 , m  - 
f RB 4,- 1.m leo 1,- - 
MAR 5 1 , m  100 2,000 1,000 
APR 1,009 4,080 300 2,000 1,900 
MAY lo,* 6,800 1,000 2,500 1,000 

JVN 12,WO 7,300 2,000 . 2,500 ' 1.000 
JU L 14,500 9,080 3,000 4,500 1,500 
AUG 15,000 9,580 2,500 4,500 1,000 
SEP 12,OW 7,080 1,000 5,500 !,OW 

OCT 13,OQO 1,QBO 1,000 4,000 1,000 
ROV 12,000 7,50 500 1,500 1,000 
DE C 1,500 5,800 200 3,000 - 

SO-AL AVOR-S 
JAN-MAY 6 , m  3,100 300 1,900 1,000 
JUN-SEP 13,400 8,300 2,100. 4,300 1,100 
OCT-DEC 11,200 6,800 600 2,800 1,080 

g.1 M..nvalwmfw7ywrr,  1967- 1973. 

Random fie# obrarvotionr, 1963 - 1973. 

Source : D r a f t  Environmental Impact Report, P e r i p h e r a l  Canal , 

P r o j e c t ,  Department of  Water Resources, August 1974 





and resu l t ing  runoff f r o r n . 1 0 ~  elevat ion watersheds occurs from 

October t o  March. This l o c a l  watershed runoff freshens and 

f lushes out t h e  slough areas  of t h e  Marsh. 

Water Qua l i ty  Charac ter i s t ics  Other Than S a l i n i t y  
. . Beneficial  uses of water i n  the  Delta and Suisun Marsh a r e  

dependent on or  affected by water q u a l i t y  cha rac te r i s t i c s  o ther  

than s a l i n i t y .  Although t h e  proposed ac t ion  by the  Board is 

intended t o  regula te  only flow and s a l i n i t y ,  operations of t h e  

CVP and SWP t o  conform t o  t h e  proposed ac t ion  could a f f e c t  other  

water qua l i ty  f a c t o r s  which are re la t ed  t o  Delta inflow, export 

of water from the Delta and Delta outflow. However, no s i g n i f i -  

cant changes beyond those discussed i n  Chapter V are expected in 

these f a c t o r s  as a r e s u l t  of the  proposed Board action. The Board 

act ion  i s  intended t o  apply a t  ex i s t ing  l e v e l s  of development of 

the  CVP and SWP so  t h a t  the  a b i l i t y  of these  p ro jec t s  t o  cont ro l  

Delta inflow and c i rcu la t ion  w i l l  be l imi ted  t o  conditions within 

the ranges t h a t  have occurred i n  the  recent past. If addi t ional  

f a c i l i t i e s  a re  constructed which can cause s ign i f i can t  changes i n  

Delta water qual i ty ,  the  Board w i l l  consider f u r t h e r  appropriate 

action. Theref ore, information on water qua l i ty  parameters o ther  

than s a l i n i t y  i s  not presented i n  t h i s  report. 

C l i m a t e  

The Delta climate i s  characterized as Mediterranean with hot, rain- 

l e s s  summers and cool, moist winters. Maritime a i r  en te r s  the  

Delta through the  Golden Gate-Carquinez S t r a i t  openings i n  t h e  . 

Coast Range, moderating both temperature and humidity. Recorded 



temperatures range from. 1 3 ' ~  t o  114O~. The January temperatures 

average near 4 5 ' ~  and t h e  July temperatures near 75OF. Because 

of t h e  cooling influence of maritime a i r  t h e  Delta climate is 

cooler than o the r  loca t ions  t o  t h e  north o r  south. 

Rainfall i n  t h e  Delta-Suisun Marsh area  var ies ,  with annual 

averages increasing i n  a north and nor theas ter ly  pat tern.  An 

average of about 10 inches of r a i n  fa l l s  each year i n  t h e  l e e  

of t h e  M t .  Diablo Range, while Stockton receives an average rain-  

f a l l  of about 14 inches and Sacramento about 16  inches. About 

82 percent of t h e  p rec ip i t a t ion  f a l l s  during the  period November 

through March (Delta Advisory Planning Council, 1975, p. 3-375). 

Prevai l ing winds enter  t h e  Delta through Carquinez S t r a i t  and 

follow a fanning pa t te rn :  northwesterly i n  t h e  southern Delta 

and southwesterly i n  t h e  northern Delta. I n  t h e  summer t h e  

pressure d i f f e r e n t i a l  between t h e  hot a i r  over t h e  i n t e r i o r  va l ley  

and t h e  cool heavier a i r  over t h e  ocean causes a strong, gusty 

wind pa t t e rn  t o  occur most general ly  i n  ea r ly  mornings and l a t e  

afternoons, with t h e  speed of t h e  winds varying according t o  

pressure d i f f e r e n t i a l .  Summer winds a r e  characterized by a cycle 

of th ree  t o  f i v e  windy days followed by th ree  t o  f i v e  calmer days, 

dependent on the  cooling ef fec t  of the  maritime winds. A s  t h e  

winds cool t h e  i n t e r i o r  valley,  the  pressure d i f f e r e n t i a l  is  

lessened and the  winds decrease u n t i l  t he  cooling e f f e c t  is l o s t .  

Conversely a s  the  i n t e r i o r  a i r  i s  heated it expands, and heavier 

cool a i r  rushes i n  from t h e  ocean. Winter winds a r e  much decreased 



i n  ve loc i ty  and a r e  more constant because t h e r e  is l e s s  tempera- 

t u r e  d i f f e r e n t i a l  between t h e  ocean and t h e  Central  Valley. 

Winter weather a l t e r n a t e s  between wet, stormy f r o n t a l  systems- 

and f a i r  periods wi th  l i t t l e  wind. The highest  frequency of 

stagnant a i r  occurs i n  t h e  f a l l  a f t e r  the  summer winds have 

subsided and before t h e  winter storms have begun. 

The Delta area is subject  t o  prolonged periods of fog  during t h e  

f a l l  and winter a s  a r e s u l t  of thermal inversions and moist s o i l  

conditions. I n  t h e  f a l l  when n ights  begin t o  lengthen and winds 

a r e  decreased, t h e  ea r th  l o s e s  heat  by rad ia t ion  during t h e ' n i g h t  

and cools a t h i n  l aye r  of a i r  near t h e  surface.  High atmospheric 

humidity and a temperature below the  dew point cause fog t o  form. 

The fog  remains u n t i l  t h e  sun warms t h e  lower l aye r  of a i r  su f f i -  

c i e n t l y  t o  evaporate t h e  moisture and produce mixing. Under cer- 

t a i n  conditions, the  fog  is  not d ispe l led  d a i l y  and may p e r s i s t  

f o r  many days o r  weeks. 

Bm BIOLOGICAL FACTORS 

Phytoplankton 

Phytoplankton a r e  comprised of small d r i f t i n g  p lan t s  col lect ' ively 

ca l led  algae which form t h e  base of most foed webs f o r  marin'e, 

es tuar ine and freshwater ecosystems. It is t h e  major aquat ic  

component of t h e  food web capable of converting s ign i f i can t  - 

r amounts of inorganic chemicals i n t o  organic compounds t h a t  can be 

u t i l i z e d  as  food by higher l i f e  forms. Phytoplankton, along with 

other  microscopic organisms and d e t r i t u s ,  a r e  u t i l i z e d  by animal 



life from zooplankton to fish. In some situations phytoplankton 

can also cause significant esthetic problems when dense populations 

die and create an unsightly, malodorous and decaying mass. Phyto- 

plankton populations also contribute to the oxygen balance in the .. - 
water through endogenous respiration, decay after death, and . 
through production of oxygen as a by-product of photosynthesis. 

Consequently, a change in phytoplankton populations can have a ' 

significant effect on aquatic organisms living in the estuary 

(Chadwick, 1972). 

Abundance and Distribution. The phytoplankton populations in the 

Delta and Suisun Bay are found in four broad groups of algae: 

diatoms, green algae, cryptomonads (a group of flagellated, motile 

algae) and blue-green algae. Diatoms are the most abundant algae 

during the spring and fall, followed in abundance by green algae. 

Cryptomonads are dominant in some areas during the winter months. 

Blue-green algae, which are commonly responsible for most of the 

severe adverse oxygen and esthetic conditions caused by high phyto- 

plankton concentrations, are found in low concentrations in some 

backwater areas, principally in the sloughs of the eastern Delta 

(Bureau, 1977: Chadwick, 1972). 

Concentration of chlorophyll pigments, particularly chlorophyll 5, 
- 

- 
has been used in this estuary to estimate the gross abundance of 

phytoplankton. Such measurements indicate instantaneous standing - 8 

crop of algae and may not be directly related to the productivity 

per unit time and volume of water. However, these measurements 

are used to compare phytoplankton abundance at different locations. 



Figure 111-13 i l l u s t r a t e s  ' t h e  average concentration of algae i n  

the  middle and upper reaches of t h e  Delta estuary from 1968 t o  

1974 (Bureau Exhibit 14). The da ta  f o r  t h i s  f i g u r e  is biased 

towards t h e  summer and f a l l  periods of t h e  year (RT Vol. IX, p. 35). 

Average concentrations of a lgae a r e  highest  i n  the  slow moving " 

waters of t h e  eastern and southern portions of the  Delta. I n  t h e  

northern and i n t e r i o r  channels, where water v e l o c i t i e s  a r e  high, 

average phytoplankton concentrations a r e  low. These high water 

ve loc i t i e s  a re  due i n  p a r t  t o  na tura l  conditions, and flow condi- 

t ions  induced by export pumping i n  t h e  southern Delta. Average ' 

concentrations a r e  moderate i n  the  western Delta and Suisun Bay 

areas  but drop off markedly i n  San Pablo Bay. 

The area of highest  biological  a c t i v i t y  i s  i n  t h e  western Delta 

and Suisun Bay where r i v e r  inflow i n i t i a l l y  meets ocean water, 

creat ing the  entrapment and n u l l  zones which were discussed 

e a r l i e r .  The entrapment zone is typ i f i ed  by high concentrations 

of suspended so l ids ,  phytoplankton, Neomysis, young s t r i p e d  bass 

and other  estuar ine organisms. 

Figure 111-14 (Bureau Exhibit 47) shows generally where th i s '  

- entrapment zone i s  located and t h e  extent  t o  which it accumulates 

algae a t  varying outflow conditions ( a l so  Bureau, 1977, p. 42: 
a Peterson e t  a l ,  1975). The production of phytoplankton i n  t h e  

estuary i s  g rea tes t  when t h e  entrapment zone is located i n  t h e  

upstream end of Suisun Bay (RT Vol. I X ,  p. 77; Bureau, 1977, 

p. 72; Peterson e t  a l ,  1975, p. 8 ) .  
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Figure 111-15 shows the qeasonal variations of phytoplankton and 

computed Delta outflow in two representative areas of the western 

Delta for the period 1969-1977. Populations are lowest in the 

winter, with peak abundance usually occurring in spring and early - 
- 

summer. In areas dominated by sloughs with slow moving water or 
- 

shallow areas such as the eastern Delta or Suisun Marsh, secondary + - 
population peaks may also occur in the fall (Chadwick, 1972). 

Environmental Requirements. Factors which can affect phytoplank- 

ton abundance and distribution include light, temperature, salinity, 

sediment, nutrients, toxicants, hydraulic conditions, foraging by 

zooplankton, and algal parasites (RT Vol. VII, p. 3: Bureau, 1977, 

p. 16; Chadwick, 1972, p. 21). Operation of the CVP and SWP can 

affect most of these factors to some degree and thus influence the 

abundance of phytoplankton. Therefore, identification and defini- 

tion of the factors that may be controlling phytoplankton levels 

at different times is important so that the environmental conse- 

quences of changes in project operations can be addressed 

adequately. 

Early studies indicated that inorganic nitrogen was limiting phyto- 

plankton productivity in the western Delta-Suisun Bay area during 
. . 

July, August and September. When nitrogen was not limiting algal 
.-• 
. . growth, light penetration appeared to be the most limiting factor 

C 

(Bureau, 1972). 
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A t  low l e v e l s  of Delta outflow, such a s  were experienced i n  1976 

and 1977, other  f a c t o r s  appear t o  influence phytoplankton produc- 

t ion.  It w a s  previously believed t h a t  low Delta outflow would . 

cause a reduction of t u r b i d i t y  and t h a t  t h i s  would cause s i g n i f i -  . . 
cant ly  greater ,  even undesirable, l e v e l s  of phytoplankton abundance. =. 

~ o w e i e r ,  observations during 1976 have establ ished t h a t  reduced . .I 
. .- 

Delta outflow does not lead  t o  excessive phytoplankton abundance 

(RT Vol. V I I ,  p. 43, 46: Vol. XXII, p. 123). Phytoplankton abun- 

dance was p a r t i c u l a r l y  low i n  1976 as indicated i n  Figure 111-16 

(RT V O ~ .  I X ,  p. 52: Val. XI, pt 7711 

-- - - - - Suisun BOY = 1 -  \ 
k Sacramento River 

- vrl. wr-.-... River = I \ 

Chlorophyll q levels in Suisun Bay, and the Sacramento 
and San Joaquin Rivers. These are the June to 
September means for each year. . 

.. 
- i 

SOURCE: Dept. of Fish b Game Exhibit 3 Fig. V-22 
L 

Fish and Game has developed many re la t ionships  between l a t e  spr ing 

and summer Delta outflows and abundance of Neom~sis and young 

s t r i p e d b a s s .  These re la t ionships  a re  based on conditions during 

years  when winter  flows were s u f f i c i e n t l y  high so t h a t  they probably 

111-44 



did not l i m i t  es tuary product ivi ty  (RT Tola X I ,  p. 81). Fish 

and Game has expressed concern regarding t h e  low estuary production 

i n  1976 when control led low flow conditions exis ted during t h e  . 
. _ winter  (RT Vol . X I ,  pp . 78-79 and Vol. X X I I I ,  pp. 127-128) . While 

rn 1976 production i n  t h e  estuary was low, re la t ionships  between 

spring and summer Delta outflow and Neomvsis and young s t r i p e d  bass 

abundance generally predicted the  ac tua l  indexes measured t h a t  year 

(Fish and Game Exhibits 3 and 4, Figures 111-6 and 111-13). 

Even lower phytoplankton abundance occurred i n  1977 than i n  1976, 

giving r i s e  t o  a  be l ie f  by Fish and Game representa t ives  t h a t  some 

unexplained hydrodynamic e f f e c t  was responsible f o r  t h e  low produc- 

t i o n m u  In  addition,  the  establ ished spring-summer Delta outflow 

re la t ionships  f o r  young s t r i p e d  bass predicted much higher popula- 

t i o n  l eve l s  than ac tua l ly  occurred. 
, . ,  

Unti l  more is known about t h e  mechanisms t h a t  control  a l g a l  pro- 

duction it would appear t h a t  winter Delta outflows l e s s  than those 

during the winter of 1976 may pose the  po ten t i a l  f o r  lower than 

A t  a  spec ia l  meeting of t h e  Board on October 27, 1977, Mr .  Harold 
K. Chadwick reported on t h e  e f f e c t  of t h e  drought on fish- 'and wild- 
l i f e ,  i n  par t ,  t h a t  "Laboratory s tud ies  of phytoplankton growth 
have s h m  t h a t  ne i ther  toxicants  o r  a  s c a r c i t y  of nu t r i en t s  is  
responsible f o r  t h e  poor production i n  t h e  estuary (during 1977). 
The water i n  the  estuary has been subs tan t i a l ly  c l e a r e r  than i n  
previous years, so more l i g h t  is  po ten t i a l ly  avai lab le  f o r  phyto- 
plankton growth. While phytoplankton growth i n  t h e  open waters 
of t h e  estuary has been poor, we have observed subs tan t i a l  popu- 
l a t i o n s  i n  i so la ted  areas  such a s  marinas. These f a c t s  ind ica te  
some hydrodynamic e f fec t  associated with t h e  Delta outflows on t h e  
order of 2000 t o  3000 c f s  is probably responsible f o r  t h e  poor pro- 
duction, but I am not aware of any convincing evidence as t o  what 
the  e f f e c t  is. . .flows e a r l i e r  than June 1977 were l i k e l y  insuff i -  
c i en t  t o  (1) s t imulate  upstream migration of adu l t  s t r i p e d  bass, 
(2)  provide su i t ab le  s a l i n i t i e s  f o r  s t r iped  bass spawning i n  the  
San Joaquin River, ( 3 )  distribut,e young bass over t h e  e n t i r e  
nursery area, and/or (4) support adequate production a t  lower 
l eve l s  of the  food chain." 
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acceptable a l g a l  populations. These mechanisms must be s tudied 

i n  considerably more d e t a i l  before adequate water q u a l i t y  objec- . . 

t i v e s  can be establ ished t o  ensure t h a t  ne i the r  excessive nor 

i n s u f f i c i e n t  l e v e l s  of phytoplankton e x i s t  i n  t h e  estuary. 

Zooplankton -. 
Zooplankton is  a c o l l e c t i v e  term used t o  describe aquatic animals - .  ... . 

having very l imi ted  suJ.imming capab i l i t i e s .  Although many a r e  a b l e  

t o  a l t e r  t h e i r  pos i t ion  i n  t h e  water co1ub-1 i n  order t o  remain i n  

a favorable environmenhtheir  l imi ted  mobili ty makes them highly 

dependent upon water -current and t ides .  Zooplankton cons is t  o f , a  

wide d i v e r s i t y  of animals such as  protozoans, r o t i f e r s ,  and 

crustaceans (copepods, cladocerans, mysid shrimp). Zooplankton i n  

t h e  Delta and adjacent waters range i n  s i z e  from microscopic f o r  

protozoans t o  about 18  mil l imeters  (3/4-inch) f o r  Neomvsis. 

Zooplankton 'perform a very important function .in e s tua r i e s  and i n  

freshwater and marine ecosystems by consuming phytoplankton, d e t r i -  

t u s  and smaller zooplankton. They a r e  a l so  a food source usable by 

l a r g e r  organisms. I n  Suisun Bay and the  Delta, juvenile salmon, 

shad, s t r i p e d  bass, sturgeon, black bass, crappie, blue g i l l ,  cat- 

f i sh ,  and o ther  f i s h e s  depend heavily on various species  of zoo- * 

plankton f o r  survival .  Species belonging t o  the  genera Neomvsis 

(mysid shrimp), Daphnia (a  cladoceran) , and Eurytemora (a copepod) 
C 

a r e  among those known t o  be major food items. O f  these, Neomvsis 

is  perhaps the  most important t o  a l l  of t h e  f i s h e s  l i s t e d  and w i l l  

be discussed i n  a separa te  sect ion.  Eurytemora i s  p a r t i c u l a r l y  



important as a food to young-of-the-year striped bass before they 

begin to feed on Neomysis (Fish and Game Exhibit 3, p. V-2). 

Abundance and Distribution. Zooplankton populations and geographic 

distribution vary considerably with the season. In general,,zoo- 

plankton biomass peaks in the spring coincident with the spring 

phytoplankton bloom, and then declines sharply. The populations 

then increase again in the summer and fall following increases in 

phytoplankton. The geographical distribution of various groups 

of zooplankton is generally related to salinity and location in 

the estuary (Figure 111-17). The abundance of particular species 

has also been found to be associated with the changes in location 

of the null zone with tidal action (Figure 111-18). 

FIGURE 111-17 
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Percent of total ATP biomaw in each major zooplankton group, 
Suisun Bay and the San Joaquin Rlver, April to October means 
at each station in 1973. 

SOURCE : Dept. of Fish G Game et. at. 1975 Fig. V-14 
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Environmental Requirement$. Copepods and cladocera a r e  a f fec ted  

by channel ve loc i ty  and a re  most abundant i n  channels having t h e  

lowest ne t  flow v e l o c i t i e s  (Fish and Game Exhibit 3 ,  p. V-2). I n  
C 

C - t he  freshwater portion of t h e  Delta t h e  abundance of both r o t i f e r s  

and crustaceans (cladocerans and copepods) is highly corre la ted  
a 

with chlorophyll 2. Presumably t h e  zooplankton a r e  feeding on 

the  phytoplankton so t h e  corre la t ion  shows t h e  e f f e c t  of varia- 

t ions  of food a v a i l a b i l i t y  on zooplankton production (Fish and 

Game e t  al, 1975, p. 65). The re la t ionship  between zooplankton 

abundance and chlorophyll has l e d  t o  the  b e l i e f  t h a t  the  r e l a t i o n -  .. . 

ship between zooplankton abundance and ve loc i ty  i s  possibly a 

re f l ec t ion  of the  inverse re la t ionship  between n e t  ve loc i ty  and 

chlorophyll. Monitoring s t a t i o n s  i n  the  Delta with high v e l o c i t i e s  

tend t o  have low chlorophyll concentrations. A t  s t a t i o n s  along the  

San Joaquin River and Suisun Bay which show similar ne t  ve loc i t ies ,  

zooplankton populations a r e  highest  a t  t h e  s t a t i o n s  r i c h  i n  chloro- 

phyl l  (Fish and Game e t  a l ,  1975, p. 70). 
1 

The loca t ion  of some zooplankton organisms i n  the  entrapment' zone, 

although re la t ed  t o  s a l i n i t y  tolerance,  may a l s o  be re l a t ed  t o  

the  abundance of phytopl.ankton i n  the entrapment zone. These 

zooplankton organisms a r e  apparently able t o  maintain an opt,imum 

pos i t ion  i n  r e l a t i o n  t o  the  entrapment zone because t h e i r  loc'ation 

r e l a t i v e  t o  it s h i f t s  with the  t i d a l  s h i f t s  of the  entrapment zone 

(Bureau Exhibits 52 and 53). 



Neomvsis mercedis 

The opposum shrimp Neomysis mercedis, formerly refer red  t o  a s  

Neomvsis awatschensis o r  Neomysis intermedia i n  l i t e r a t u r e  of t h e  

Sacramento-San Joaquin Delta Estuary system (Sinnoons e t  al, 1974(a) s 

- 
and 1974(b)), is an important food item f o r  young s t r i p e d  bass 

(Fish and Game Exhibit  3,  p. V-8) and numerous o ther  f i s h e s  i n  t h e  
b 

Delta (Skinner, 1972). Neomvsis, a crustacean, i s  a r e l a t i v e l y  

l a r g e  zooplankter with individuals  reaching a s i z e  of 18 m i l l i -  

meters (3/4-inch). Its common name, opposum shrimp, i s  derived 

from t h e  f a c t  t h a t  t h e  female c a r r i e s  t h e  young i n  a small abdomi- 

na l  pouch ca l led  a marsupium, and gives l i v e  b i r t h  t o  10 t o  70 

young a t  a time. 

Abundance and Distr ibut ion.  Neomvsis populations a r e  d i s t r ibu ted  

i n  brackish o r  freshwater along the  West Coast from t h e  northern.  

P a c i f i c  t o  San Francisco Bay (Banner, 1954). However, recent 

s tudies  have shown t h a t  Neomvsis is  a l so  found i n  Southern 

Cal i fornia  e s tua r i e s  (Orsi, Fast ,  Knutson, unpublished manuscript). 

Within t h e  San Francisco Bay system, Neomvsis i s  usual ly  most 

abundant from Suisun Bay upstream. Highest concentrations of 

Neomvsis a r e  general ly  found near t h e  upstream portion of t h e  

entrapment zone. Except i n  d r i e r  years  l i k e  1968, 1972 and 1976, 

60 percent or  more of t h e  mean June t o  October Neomvsis population - 
- .  

is  i n  Suisun Bay. The second most populated area i s  the  western 
w 

Delta from Chipps Is land up t h e  Sacramento River t o  near Rio V i s t a ,  - 

and up t h e  San Joaquin River t o  t h e  mouth of t h e  Mokelumne River. 

Suisun Bay and the  western Delta togeth.er contain a t  l e a s t  80 t o  

90 percent of t h e  t o t a l  population i n  a l l  but t h e  d r i e s t  years 
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Usually more than e i g h t  percent  of t h e  Neomysis population i n  t h e  

es tuary  upstream of  Carquinez S t r a i t  i s  found i n  Montezuma 

Slough (Fish and Game Exhibi t  3 ,  pa V-8). 

2 5- 

Neomysis populations genera l ly  i nc rease  i n  t h e  s p r i n g  t o  reach  

peak abundance i n  l a t e  sp r ing  o r  summer, I n  t he  f a l l  of years  : 

Montezuma Slough 
Western Delta 

17 Suisun Bay 

when Delta outflow i s  low, reproduction and s u r v i v a l  exceed mor- 

t a l i t y  and a  second population peak occurs. I n  years  of high 

outflow t h i s  second peak does not  occur (Fish and Game Exhibi t  3, 

p. V-8).  Populations decrease i n  November and t h e  i nd iv idua l s  

surv iv ing  through t h e  win te r  reproduce i n  t h e  sp r ing  of t h e  

following year. 
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A s  shown i n  Figure 111-20' Neomysis populations vary from year t o  

year. Fish and Game samples population abundance each year and 

has developed a population index used t o  estimate t h e  r e l a t i v e  

Neomvsis abundance i n  t h e  Delta, Suisun Bay and San Pablo Bay 

(RT Vol. X I ,  p. 63; F ish  and Game e t  al, 1975, p. 28). The 

following sec t ion  discusses some of t h e  environmental f a c t o r s  

t h a t  a r e  believed t o  a f f e c t  Neomysis abundance. 

' 1 
FIGURE 111-20 

Neomysi8 Rpulation Index for Sulrun Bay and Western Delta 
combined, 1968 to 1976. The lndex is the mean June to 
October standing crop of Neomysis 2 4mm In length. 

SOURCE: Fish E, Game Exhibit 3 Fig. V4,  V 7  - 

- .  
Neomysis a r e  found i n  g rea tes t  abundance i n  the  entrapment zone - 
(Figure 111-21 and Figure 111-22). Surface conduct ivi t ies  where . 

the  entrapment is located and where Neomvsis a re  abundant range 

from 2000 t o  6000 rnicromhos/cm (Fish and Game e t  a l ,  1975, p. 37). 

Although Neomvsis has l imi ted  swimming capab i l i t i e s ,  it i s  known 
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t o  be negatively phototrophi & and t o  migrate v e r t i c a l l y  with 

t i d a l  stage. Apparently these  v e r t i c a l  migrations allow Neomysis 

t o  maintain i ts  loca t ion  i n  the  estuary during normal mild down- 

stream flows by taking advantage of flow d i f f e r e n t i a l s  i n  t h e  

v i c i n i t y  of t h e  entrapment zone. 

These behavioral responses may a l s o  be t h e  reason why Neomvsis 

a r e  most e a s i l y  found i n  a reas  where channel depths exceed 10 

f e e t ,  why it i s  more randomly d i s t r ibu ted  near shore and shallower 

channels a t  night,  and why it i s  not  found i n  a reas  where l i g h t  

penetrates  t o  the  bottom regardless  of upstream t i d a l  flow 

(Skinner, 1972). 

Neomvsis is able  t o  feed upon a wide va r i e ty  of foods of s u i t a b l e  

s i z e  (Kost and Knight, 1975). While d e t r i t u s  and diatoms make up 

the  major food items f o r  Neomysis, diatoms increase i n  r e l a t i v e  

importance during the  summer and d e t r i t u s  increases  i n  importance 

during the winter. Pieces of crustaceans and r o t i f e r s  have a l s o  

been found i n  t h e  stomach of Neomysis. 

Phytoplankton i s  of major importance i n  t h e  food supply f o r  Neomvsis 

when it is a l i v e  and d i s t r ibu ted  i n  t h e  water column, and when it 

i s  senescent or  dead and has become p a r t  of t h e  de t r i tus .  There- 

fore ,  chlorophyll g concentrations have been used i n  t h e  estuary 

a s  an index of t h e  food supply avai lab le  t o  Neomvsis (RT Vol;' XXII, 
p. 122) . 

Negative ~hoto t ropism describes a behaviorial  response of an 
organism away from l i g h t .  



Environmental Requirements. F ie ld  s tud ies  by Fish and Game con- 

ducted p r i o r  t o  1970 indicated t h a t  during t h e  period of peak 

Neomvsis population, t h e  g rea tes t  concentrations were found i n  

a reas  of l e s s  than 4000 m g / l  chloride, i n  s p i t e  of t h e  f a c t  t h a t  - 
.- 

Neomysis were d i s t r i b u t e d  over a wider range of chlor ide concen- 
I 

t r a t i o n  during the  spring. Based on t h i s  f inding  and t h e  known 
'.. 

a b i l i t y  of Neomvsis t o  maintain i t s  pos i t ion  i n  t h e  estuary, 

s a l i n i t y  was general ly  accepted a s  t h e  pr inc ipa l  f a c t o r  a f fec t ing  

Neomysis d i s t r ibu t ion .  Consequently, previous water q u a l i t y  

object ives  were establ ished t o  maintain chloride concentrations 

below 4000 m g / l  (an EC of approximately 12,500 micromhos/cm) a t  

Chipps Is land (Cal i fornia  Regional Water Quality Control Board, 

1975, p. 1-4-17]. However, recent  laboratory work indica tes  t h a t  

s t r e s s  on Neomysis,as measured by increased respi ra t ion ,  generally 

decreases a s  s a l i n i t y  increases  from 200 t o  13,000 m g / l  chlor ide 

and t h a t  t h e  organism i s  s t r e s sed  more d i r e c t l y  by temperature 

than s a l i n i t y  a t  temperatures grea ter  than 6 5 ' ~  (Simmons and 

Knight, 1975). 

A s  s t a t e d  previously, Neomvsis a r e  found i n  g rea tes t  abundance i n  

t h e  area of t h e  entrapment zone with e l e c t r i c a l  conductivity ranges 

from 2000 t o  6000 micromhos/cm (approximately 600 t o  2000 m g / l  
- 

chloride).  Therefore, they a r e  found i n  a reas  with s a l i n i t i e s  . 
lower than would be expected from the  experimental data. Some - 
overriding benef i c i a l  f a c t o r s  such as food a v a i l a b i l i t y ,  type 

of habi ta t ,  o r  temperature, possibly r e s u l t  from the  hydraulic 

conditions which c rea te  the  entrapment zone where the  Neomysis 

a r e  found. 



The following discussion r e l a t e s  expected Neomysis abundance t o  

environmental conditions including s a l i n i t y .  The ac tua l  mechanism 

a f fec t ing  t h e  Neomysis population is  probably not s a l i n i t y  per s e  
- 

1. 
but some f a c t o r  r e l a t ed  t o  s a l i n i t y  and Delta outflow. 

The observed Neomysis abundance i n  Suisun Bay and t h e  western Delta 

from June t o  October has been re l a t ed  t o  e l e c t r i c a l  conductivity 

and chlorophyll 2 concentrations during t h a t  period. This re la t ion-  

sh ip  is  shown i n  Figure 111-23. It shows t h a t  as e l e c t r i c a l  con- 

duct iv i ty  a t  Chipps Is land increases (decreases i n  Delta outflow) 

and chlorophyll 2 decreases, the  ~eomys i s  index is expected t o  

decrease. This re la t ionship  indica tes  t h a t  Neomysis populations 

a re  a f fec ted  not only by summer Delta outflow but ~ l s o  by the  

l e v e l s  of phytoplankton produced i n  the  estuary. Chapter IV dis- 

cusses the  recommendations t h a t  have been made t o  pro tec t  both 

Neomvsis and s t r i p e d  bass. These recommendations a r e  primarily 

based on t h e  assumption t h a t  t h e  summer outflows required to 'pro-  

t e c t  s t r i p e d  bass w i l l  a l s o  benef i t  Neomysis. Figure 111-23 i l l u s -  

t r a t e s  t h a t  such benef i t s  t o  Neomysis w i l l  occur provided t h e r e  

a r e  adequate populations of phytoplankton. 

The previous discussion on phytoplankton pointed t o  the  concern 

t h a t  phytoplankton populations i n  low flow years may depend on 

environmental conditions t h a t  e x i s t  p r io r  t o  t h e  sp r ing  and 

summer. Because of t h e  d i r e c t  r e l a t ionsh ip  shown between phyto- 

plankton (chlorophyll 2) and Neomysis leve ls ,  t he re  is  an addi t ional  

concern t h a t  adequate phytoplankton populations be maintained i n  the  



FIGURE 111-23 
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Observed and predicted popula~ion indices for Neomysis 2 4 mm in 
length from Suisun Bay and western 1)e l~a  c:ombined. All valucs arc Junc 
to October means from 1960 to 1976. The? predic~cd Ncomysis index 
(y) = 3.63-.00029x1 + .098x2, whore X,  is I:C: at (:hipps Islund and 
x i s  chlorophyll a. 

SOURCE - DEPT. OF F ISH & GAME Exhlblt . .  4 



estuary so that appropriate Neomvsis levels can be achieved. This 

concern is particularly significant during the winter months of 

low flow years. Recommendations based on this concern are dis- 

cussed in the phytoplankton section and Chapter VII of the draft 

water quality control plan. 

Zoobenthos 

Invertebrate animals living in or on the bottom substrate of 

aquatic habitats are called zoobenthos. The zoobenthos in this 

estuary include many species of clams, worms, aquatic insects, and 
. . 

crustaceans. These benthic organisms are important as food for 

waterfowl and fish. Gemma Lemma (a clam), Macoma inconspika' 

(bentnosed clam), Svnidotea laticauda (an isopod), Nassarius 

obsoletus (a snail) and Tapes semidecussata (Japanese littleneck 

clam) are important food sources for diving ducks in San ~ablo 

and Suisun Bays. Macoma inconspicua, Photis california (an amphipod), 

and Svnidotea laticauda are important as fish food in the estuary. 

Species of Corophium and Nereis (~eanthes) (a polychaete worm) are 

part of the young-of-the-year striped bass diet (Painter, 1966). 

Species of Corophium have also been found in large numbers in 

stomachs of catfish and sunfish (Daniel, 1972) as well as other 

. . fish. - 

- Abundance and Distribution. The kinds of zoobenthos found in the 

. - Bay-Delta estuary differ greatly moving upstream from San Pablo 

Bay. Salinity appears to be the primary factor controlling the 



d i s t r i b u t i o n  and abundanue of zoobenthic organisms. Within a reas  

of s u i t a b l e  s a l i n i t y ,  these  organisms a r e  d i s t r ibu ted  i n  accordance 

with o ther  h a b i t a t  requirements such as subs t ra t e  type and net 

veloc i t ies .  

I n  terms of biomass, t h e  zoobenthos concentrations found i n  San 

Pablo Bay a r e  two t o  four  times grea ter  than those found i n  Suisun 

Bay (Figure 111-24). Mollusks (clams) which cons t i tu te  a valuable 

food source f o r  f i s h  a r e  shown t o  contr ibute  the  bulk' of t h e  bio- 

mass found i n  San Pablo Bay but a r e  almost absent from Suisun Bay. 

This marked change i n  speciat ion and abundance is re fe r red  t o  as 

a Itfaunal breakw. The change occurs i n  t h e  eastern Carquinez 

S t r a i t  a rea  and i s  caused by s a l i n i t y .  Marine species  general ly  

s t a y  downstream of t h e  "breaking pointw and freshwater type species  

remain upstream of it. However, t h e  r a t h e r  impoverished condition 

of t h e  benthic fauna i n  Suisun Bay may be caused not only by the  

lower s a l i n i t i e s  there,  but a l s o  by the  grea t  seasonal var ia t ions  

i n  s a l i n i t y  coupled with t h e  i n a b i l i t y  of t h e  immobile benthic 

animals t o  move t o  a reas  of more s u i t a b l e  s a l i n i t y  (Fish and Game 

Exhibit  3 ,  pa V-7). 

Figure 111-24 shows t h a t  i n  Suisun Bay, annelid worms comprise the  

bulk of t h e  biomass with anthropods (crustaceans) of secondary 

importance and mollusks r a t i n g  a d i s t an t  th i rd .  
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page 46 (1966)  



Zoobenthos found i n  t h e  Delta a r e  e s s e n t i a l l y  freshwater organisms, 

not found i n  grea t  abundance seaward of Honker Bay. Two amphipods . 

(crustaceans) make up most of t h e  Delta 's  zoobenthic population. 

These amphipods, Corophium stimpsoni and Corophium spinicorne, a r e  
J 

pr inc ipa l  food items f o r  white and green sturgeon, white and 

channel ca t f i sh ,  t u l e  perch and small black crappie. They a r e  
5 

a l s o  the  most important food item of young s t r i p e d  bass, next t o  

Neomvsis. Other benthic organisms abundant i n  t h e  Delta include 

t h e  Asiat ic  clam, tendipedid larvae,  oligochaete worms and t h e  

crayfishes. A l l  of these  organisms a r e  eaten by Delta f i s h e s  

but none a r e  a s  important a s  Corophium a s  a f i s h  food (Fish and 

Game Exhibit  3 ,  p. V-7) . 

Environmental Requirements. L i t t l e  informetion e x i s t s  regarding 

t h e  environmental requirements of zoobenthos found i n  t h i s  estuary. 

A s  s t a t e d  e a r l i e r ,  t h e  l a r g e  mollusk populations found i n  San 

Pablo Bay a r e  prevented from penetrat ing very f a r  i n t o  Suisun Bay 

because of t h e  low s a l i n i t i e s  t h a t  prevai l  i n  Suisun Bay during 

a t  l e a s t  p a r t  of t h e  year. These clams develop high populations 

only where t h e  yearly mean s a l i n i t i e s  a r e  above 6,000 ppm chloride. 

The Delta species of Corophium a r e  freshwater species. Their dis- 
- 

t r i b u t i o n  i n  t h e  Delta i s  d i r e c t l y  a f fec ted  by environmental con- . 
d i t i o n s  other  than s a l i n i t y .  Hazel and Kelley (1966) reported 

t h a t  high ne t  flow v e l o c i t i e s  and associated s h i f t i n g  sand bottoms - - 
a r e  detrimental  t o  Delta zoobenthos, especial ly  Corophium 

stimpsoni. 



St r iped  Bass 

S t r iped  bass (Morone saxa t i1 i s )were  introduced t o  t h e  West Coast 

of t h e  United S t a t e s  i n  1879 from t h e i r  n a t i v e  waters  i n  t h e  East  

Coast. Their numbers increased r a p i d l y  and they  were soon t h e  

ob jec t  of both s p o r t  and commercial f i s h i n g  i n  t h e  Delta and.San 

Francisco Bay. I n  1935 a l l  commercial fishing f o r  s t r i p e d  bass  

w a s  ha l t ed  t o  p r o t e c t  t h e  s p o r t  f i she ry .  

S t r iped  bass  i s  one of Ca l i fo rn i a ' s  most important s p o r t  f t s h  

species.  F i sh  and Game es t imates  t h a t  2 m i l l i o n  angle r  days a r e  

supported annual ly  by t h i s  resource  ( ~ i s h  and Game Exhibi t  3,  

p. 111-1). The a d u l t  s t r i p e d  bass population ( f i s h  16 inches and 

over) is  est imated t o  be i n  t h e  order  of 1.4 mi l l i on  f i s h ,  bu t  

records  i n d i c a t e  a l a r g e r  population i n  t h e  p a s t  probably u p ' t o  

3 mi l l ion  f i s h .  Stanford Research I n s t i t u t e  i n  1966 pro jec ted  

t h e  1970 ne t  economic value of t h i s  s p o r t  f i s h e r y  t o  be about 

$7.5 mi l l i on  (1965 d o l l a r s ) .  

L i f e  History. Small a d u l t  s t r i p e d  bass genera l ly  s t a y  i n  San 

Francisco, San Pablo and Suisu? Bays. Larger a d u l t  bass a r e  

known t o  leave  t h e  confines of t h e  San Francisco Bay area.  

S t r iped  bass a r e  taken by surf fisherman along t h e  coas t  from 

Monterey t o  t h e  Russian River, wi th  a few r e p o r t s  of f u r t h e r  

spread. 

A general ized l i f e  cycle  f o r  s t r i p e d  bass  is shown on Figure 111-25. 

Male bass mature when they a r e  two o r  t h r e e  years  old, while females 
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mature a t  an age of four  o r  f i v e  years. When t h e  s t r i p e d  bass 

mature they become migratory f o r  spawning purposes. Dur,ing t h e  

f a l l  months the re  i s  a general migration of adu l t  s t r i p e d  bass 

i n t o  the  freshwaters of t h e  Delta where some of the  population 

s t ays  during the  winter. During the  spr ing  t h e  adu l t s  migrate t o  

t h e  spawning locations.  The two major spawning a reas  f o r  s t r i p e d  

bass a r e  t h e  Sacramento River from Sacramento upstream t o  Colusa, 

and t h e  San Joaquin River and adjacent sloughs from Antioch up- 

stream t o  Venice Island. About one-third of t h e  bass spawn i n  t h e  

San Joaquin River and about two-thirds spawn i n  t h e  Sacramento 

River. 
I . '  

The average female l a y s  about 800,000 eggs. Immediately a f t e r  

spawning t h e  adul t  f i s h  r e tu rn  t o  saltwater.  Bass eggs a r e  semi- 

buoyant and d r i f t  with t h e  water currents  u n t i l  they hatch i n  two 

o r  th ree  days. Four t o  s i x  weeks a f t e r  t h e  eggs a r e  spawned, t h e  
I 

young bass a r e  found i n  g rea tes t  abundance i n  t h e  entrapment 

zone (Fish and Game Exhibit 3, p. 111-2). 

The young bass i n i t i a l l y  depend upon small zooplankton such as 

Eurvtemora, a brackish water co~epod f o r  food. Within a few weeks 

Neomvsis become t h e i r  pr inc ipa l  food. The young bass s t a y  near 

the  mixing zone through t h e  f a l l .  I n  ear ly  winter they migrate 

downstream toward San Pablo Bay. During t h e i r  second year young 

bass spread out geographically. Large numbers move i n t o  t h e  

r i v e r s  upstream from the  Delta and throughout San Pablo Bay. They 

generally change from a d i e t  of aquatic inver tebra tes  t o  f i s h ,  

although Neomysis i s  s t i l l  important during t h e i r  second summer. 



Environmental Requirements f o r  spawn in^. Str iped bass a r e  believed 

t o  r e a c t  t o  s a l i n i t y  while spawning i n  t h e  San Joaquin River system. 

This spawning l a r g e l y  occurs upstream of Antioch. Once i n  t h i s  a rea  

of t h e  Delta t h e  s t r i p e d  bass generally do not migrate f u r t h e r  up- 

stream i n  t h e  San Joaquin River system than where s a l i n i t y  due t o  

a g r i c u l t u r a l  drainage exceeds 0.55 mmhos/cm EC (about 350 m g / l  TDS) . m 

6 

However, more than 80 percent of a l l  s t r iped  bass eggs col lec ted  

during Fish and Game s tud ies  i n  recent  years were from areas  between 

Venice Island, where s a l i n i t i e s  a r e  l e s s  than 0.13 mrnhos/cm EC (about 

200 m g / l  TDS), and Antioch. F ie ld  observations and laboratory s tudies  

have indicated t h a t  egg surv iva l  i s  not adversely affected by s a l i n i -  

t i e s  up t o  1.5 mmhos/cm EC (about 1000 4 1  TDS) (Fish and Game 

Exhibit 3, pa 111-8). 

The onset of spawning has been observed h i s t o r i c a l l y  t o  be coincident 

with r i v e r  temperatures a t  Antioch increasing t o  exceed 60'~. 

Spawning then general ly  continues f o r  a l i t t l e  over a month. 

Because of these  f ac to r s ,  previous water q u a l i t y  object ives  have been 

developed t o  provide s a l i n i t y  l i m i t s  of 1000 m g / l  TDS and 350 m g / l  

TDS a t  Antioch and Prisoners  Point on Venice Island, respectively.  

These object ives  were t o  be i n  force when temperatures a t  Antioch 

increased t o  6 0 ' ~  and f o r  5 weeks t h e r e a f t e r  (Staff  Exhibit 1). 
* 

These object ives  were considered t o  be t h e  maximum s u i t a b l e  l e v e l s  - 
f o r  s t r i p e d  bass spawning on a long-term basis. Fish and Game has - .  
reported t h a t  it is  d i f f i c u l t  i n  p rac t i ce  t o  define when t h e  r i v e r  

temperature ac tua l ly  reaches and i s  going t o  s t a y  above 6 0 ' ~  because 



of water temperature f luc tua t ions  i n  spr ing  around t h e  Antioch a rea  

(RT Vol. X X I I ,  p. 157). In  addi t ion water temperatures of 60 '~  tend 

t o  occur i n  l a t e  March or  ear ly  April and, as shown i n  Figure 111-26, 

most of t h e  bass a re  not ready t o  spawn u n t i l  mid-April. Therefore, 

Fish and Game no longer recommends temperature as t h e  t r i g g e r  f o r  a 

s t r i p e d  bass spawning standard. Instead they recommend t h a t  a 

spec i f i c  date, April 1, be establ ished t o  t r i g g e r  t h e  spawning 

a r d '  which would be ef fec t ive  during the  period of time general ly  

coinciding with t h e  bulk of t h e  spawning on t h e  San Joaquin River 

(see Figure 111-26). 
, . . 

Fish and Game believes t h a t  protect ion of s t r i p e d  bass spawning 

necess i ta tes  achievement of minimum acceptable s a l i n i t y  l e v e l s  a t  

Antioch by t h e  time subs tant ia l  spawning s t a r t s ,  and maintenance 

of su i t ab le  s a l i n i t y  f o r  spawning and egg survival  during t h e  first 

few weeks of t h e  normal spawning period (see Figure 111-26). This 

can be accomplished by (1) t h e  maintenance of a minimum mean ~ e l t a  

Outflow Index of 6,700 c f s  f o r  t h e  period April 1 through April  14, 

and (2) t h e  maintenance of no more than 1.5 mmhos/cm EC from April 

1 5  through May 5. Reference t o  Department Exhibit 11-9, Attachment 

No. 3, shows t h a t  under steady s t a t e  c o n d i t i o n s  a Delta outflow of 

6,700 c f s  w i l l  r e s u l t  i n  approximately 1.5 mmhos/cm EC a t  Aritioch. 

Environmental Requirements f o r  Young Survival. Since t h e  ea r ly  

1960's the re  has been a general decl ine i n  angler success f o r  s t r i p e d  

bass, which is  a t t r i b u t e d  t o  decreases i n  t h e  adu l t  bass population 

(Fish and Game Exhibit 3, p. 111-1). Research t o  determine t h e  
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f a c t o r s  responsible f o r  t h i s  decl ine i n  s t r i p e d  bass abundance has 

focused on young bass because annual var ia t ions  i n  adu l t  abundance 

a r e  believed t o  depend on environmental conditions a f fec t ing  surv iva l  

of young severa l  years e a r l i e r .  

I n  order t o  help quantify t h e  e f f e c t s  of environmental conditions 

Fish and Game has developed a monitoring program t h a t  each year 

measures young bass abundance i n  terms of t h e  St r iped  Bass Index. 

The Str iped Bass Index is an index of t h e  number of young bass 

which have survived through t h e i r  f i r s t  summer. Young bass a r e  

sampled with ne t s  which a r e  most e f f i c i e n t  f o r  f i s h  about 1.5 

inches i n  length. Sampling methods a r e  consis tent  so t h a t  t'he 

number of young s t r i p e d  bass caught may be compared with t h e  catch 

a t  various locat ions year t o  year. The number of young bass caught 

by standard sampling methods allows s t a t i s t i c a l  treatment of data  

t o  estimate abundance of young s t r i p e d  bass and t o  co r re la t e  changes 

i n  t h e  number caught w i t h  changes i n  environmental fac tors .  

Studies i n  t h e  estuary have shown t h e  abundance of young s t r i p e d  bass 

found i n  Suisun Bay t o  be highly corre la ted  with t h e  logarithm of 

mean June-July outflow (Fish and Game Exhibit 3,  Figure 111-8). 

The abundance increases  with outflow up t o  about 14,000 cfs. The 

e f fec t  of flows higher than 14,000 c f s  may be t o  move young s t r i p e d  

bass dvvnstream where they a re  not sampled in tens ive ly  (Fish and .. . Game Exhibit 3, p. 111-24). Delta outflow i s  believed t o  increase 

t h e  capacity of the estuary t o  support bass ( ~ i s h  and Game Exhibit '  

3, p. 111-34). 



A n  important consideration of possible  influences of t h e  pro jec ts  

is  t h e  funct ion of Delta outflow i n  moving t h e  young bass and t h e i r  

food organisms downstream away from t h e  influence of t h e  CVP and . 
SWP export pumps (RT Vol. X, p. 183). Relationships establ ished u 

-- 
f o r  young s t r i p e d  bass found i n  t h e  Delta show a d i s t i n c t  decrease - 
i n  abundance with increased export and decreased outflow during 

June and Ju ly  (Fish and Game Exhibit  3, Figure 111-6) although 

young bass a r e  diverted during t h e  e n t i r e  period of May through 

August. The eggs and young s t r i p e d  bass drawn toward t h e  pumps 

may be prevented o r  delayed from reaching su i t ab le  habi ta t ,  diver ted 

out of the  Delta, o r  l o s t  a t  t h e  pump screens. The screens save no 

eggs and a r e  only about 20 percent e f f i c i e n t  f o r  f i s h  one month old 

(15 ram length) and about 70 percent e f f i c i e n t  f o r  f i s h  s i x  weeks 

old (25 mm length) (Fish and Game Exhibit  3,  p. 11-4). I n  addition, 

increased ne t  channel v e l o c i t i e s  a r e  detrimental  t o  t h e  maintenance 

of l a rge  phytoplankton and zooplankton populations. Export pumping 

a t  high r a t e s  increases  n e t . v e l o c i t i e s  i n  t h e  i n t e r i o r  Delta 

channels which decreases t h e  a v a i l a b i l i t y  of food f o r  young s t r iped  

bass. Recent work by Fish and Game found t h a t  May exports have been 

increased t o  t h e  extent  t h a t  a May-June re l a t ionsh ip  f o r  surv iva l  

vs. flow and export more c lose ly  explains t h e  in te rac t ion  of these  

parameters than t h e  June-July relat ionship.  

I n  summary, the re  a r e  two basic  re la t ionships  t h a t  have been 
* 

- 
developed t o  measure s t r i p e d  bass abundance depending on t h e  loca- . 
t i o n  i n  t h e  estuary. Young bass populations found i n  t h e  Delta 

a r e  r e l a t e d  t o  both mean June-July diversion r a t e s  and mean June- 



Ju ly  Delta outflow whenever May conditions r e f l e c t  those conditions 

t h a t  exis ted i n  t h e  Delta p r i o r  t o  1970 (Fish and Game Exhibit  3 ,  

Tables 111-7 and 111-8). This r e l a t ionsh ip  i s  shown on Figure 

111-27 which i s  taken from Fish and Game Exhibit  3, Figure 111-6. 

The number of s t r i p e d  bass found i n  Suisun Bay has been r e l a t e d  

d i r e c t l y  t o  Delta outflow during June and July,  This r e l a t ionsh ip  

is shown by equation Y2 on Figure 111-28. A s  discussed e a r l i e r ,  

t h i s  l i n e  begins t o  curve subs tan t i a l ly  s t a r t i n g  a t  about 14,000 

cfs.  Recruitment of young bass i n t o  the  adul t  population has been 

found t o  be r e l a t e d  t o  mean June-July Delta outflow th ree  years  

e a r l i e r  (Fish and Game Exhibit 3 ,  Figure 111-12). From t h i s  

re la t ionship  Fish and Game has concluded t h a t  t h e  Str iped Bass 

Index is r e l a t e d  t o  the  logarithm of the  outflow i n  a l i n e a r  fashion 
--- .- Gp t o  about 14,000 cfs. Sgnpling f o r  the  St r iped  B a s s  index does no t  

include t h e  San Pablo and San Francisco Bay areas.  Bass t ransported 

t o  these areas  due t o  high June and Ju ly  Delta outflows a r e  assumed 

t o  survive t o  be r ec ru i t ed  i n t o  the  adul t  populations. This l i n e a r  

re la t ionship  between the  logarithm of June-July outflows and' s t r i p e d  

bass surv iva l  expected i n  Suisun Bay and downstream is  shown i n  

Figure TIT-28 as aque t jon  Y1. 

- 
Provided adequate environmental conditions e x i s t  i n  May and e a r l i e r  

- 
i n  the  year, t h e  t o t a l  S t r iped  Bass Index expected t o  occur i n  t h e  

estuary can be calculated from environmental conditions i n  June and 

July by summing the  r e s u l t s  of the  equations found i n  Figures 111-27 

and 111-28. 
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SOURCE: Department of Piah and Game, &hibi t  3 t Figure 111-13. 
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- 
Environmental Requirements f o r  Adult Survival. Fish and Game .. . 

r epor t s  t h a t  one study estimated t h a t  about 85 percent of t h e  

va r i a t ion  i n  recruitment t o  t h e  adu l t  population w a s  control led 

by conditions t h a t  affect  young s t r i p e d  bass (RT Vol. X, pa 182). 
- 

* 
I n  addition,  Fish and Game has establ ished t h a t  over t h e  pas t  

I 

40 years t h e  number of adu l t  bass enter ing t h e  spor t  f i s h e r y  has .. 
cons is ten t ly  been g r e a t e s t  when Delta outflows were high when 

. . 

t h e  bass were young (Fish and Game Exhibit  3 ,  pa 111-24). There- 

fore ,  t h e  environmental conditions t h a t  a f fec t  young s t r i p e d  bass 

have been emphasized i n  t h i s  report .  

Bass Exported from t h e  Delta. The s t r i p e d  bass eggs and young 

which a r e  pumped i n t o  t h e  Cal i fornia  Aqueduct and t h e  Delta-Mendota 

Canal with t h e  export water have formed a subs tan t i a l  s t r i p e d  bass 

f i she ry  i n  San Luis Reservoir and OINeill Forebay where some of 

t h e  export water is  stored. I n  t h e  period November 1975 t o  

October 1976, Fish and Game estimated about 160,000 s t r iped  bass 

were caught by anglers  i n  t h e  two reservoirs .  The estimated 

average annual catch i n  t h e  Delta i s  250,000-300,000 s t r iped  bass. 

Str iped bass diverted from t h e  Delta a l s o  provide f i s h i n g  i n  t h e  

Cal i forn ia  Aqueduct, t h e  Delta-Mendota Canal, and i n  some of t h e  

SWP reservoi rs  i n  southern California.  These f i s h e r i e s  generally 
= .  

a r e  not.considered self-sustaining b e c a s e  of t h e  lack  of su i t -  - 
a b l e  spawning areas  i n  t h e  reservoirs .  However, t h e r e  a r e  indica- 

t i o n s  t h a t  some s t r i p e d  bass may spawn i n  the  Cal i fornia  Aqueduct 

(RT Vol. X, p. 192) . 



Salmon and Steelhead 

King salmon (Oncorhvnchus t shawtscha)  and s teelhead rainbow 

t r o u t  (Salmo ~ a i r d n e r i )  a r e  t h e  pr inc ipa l  salmonids which ut i l i ze  

t h e  Sacramento-San Joaquin Estuary. King salmon a r e  sought by 

commercial and spor t  fishermen i n  t h e  ocean and by freshwater 

anglers i n  t h e  Sacramento River system. On a price-per-poMd 

basis,  the  king salmon i s  t h e  most valuable of t h e  Pac i f i c  salmon. 

' The average annual Cal i fornia  commercial catch of salmon, over 

half a mi l l ion  f i sh ,  i s  worth about $7.5 mi l l ion  ( 1975 dol la rs ) .  

The ocean spor t  catch of over 100,000 f i s h  annually and the  inland 

catch of another 25,000 f i s h  has beenvalued a t  a projected $1.3 

mil l ion (1965 do l l a r s )  i n  1970 ( ~ i s h  and Game ~ x h i b i t  3, p. 11-11 . 

On t h e  Pac i f i c  coast, only t h e  Columbia River system produces more 

salmon than Cal i forn ia ' s  Central Valley r ivers .  These Cal i fornia  

r i v e r s  supply an estimated 75 percent of Cal i forn ia ' s  commercial 

ocean salmon catch and contr ibute  t o  t h e  ocean and inland spor t  

f i she ry  as  well  (Fish and Game Exhibit 3 ,  p. 11-1) . 
i 

Over 90 percent of the  Central Valley's king salmon a r e  produced 

i n  t h e  Sacramento River system. Runs i n  t h e  San Joaquin sys'tem' 
. ,  

have declined t o  l e s s  than one-fifth of t h e i r  abundance of 4b 

years ago, a s  a d i r e c t  r e s u l t  of water resource development 
. , projec ts  i n  the  basin (Fish and Game Exhibit 3, p. 11-1). 

' 

. . 

Not only has the  general abundance of salmon declined due t o  water 

development projects ,  but t h e  timing of salmon migration pa t t e rns  

has a l s o  been modified by these f a c i l i t i e s .  H i s to r i ca l ly  t h e  



Sacramento River system supported t h r e e  d i s t i n c t  spawning runs of 

king salmon. The range of these  populations extended i n t o  t h e  

uppermost t r i b u t a r i e s  of t h e  Sacramento River drainage basin, 

including t h e  McCloud and P i t  Rivers. The l a r g e  spr ing  run t h a t  

exis ted h i s t o r i c a l l y  has been replaced by the  winter run i n  over- 

a l l  abundance. Lower summer temperatures due t o  r e se rvo i r  

r e l eases  have made more of t h e  mainstream Sacramento River avai l -  

ab le  a s  nursery h a b i t a t  than under na tura l  conditions. In  addi- 

t ion ,  the  construction of reservoi rs  has eliminated l a r g e  areas  of 

t h e  upstream spawning grounds f o r  t h e  spr ing  run salmon (Fish and 

Game Exhibit  3, p. 11-4). 

Steelhead u t i l i z e  both the  Sacramento River system and t h e  Mokelumne 

River. P r i o r  t o  t h e  operation of Coleman, Feather River, and Nimbus 

hatcheries,  t h e  t o t a l  adu l t  steelhead population was estimated a t  

20,000 f i s h .  Recently, t h e  t o t a l  run has increased t o  about 50,000 

f i s h  (Fish and Game Exhibit .3,  p. 11-1, 11-4 and 11-5). 

Both salmon and s teelhead f i s h  populations, therefore,  represent  

resources t h a t  have been af fec ted  dramatically by pas t  upstream 

water pro jec t  developments. Fish repopulation measures have 

attempted t o  mi t iga te  t h e  impacts of these  projects .  I n  any event, 
I 

p a s t  p r o j e c t s  have so  a l t e r e d  these  populations that it seems academic 

t o  address the  es tuar ine  environmental needs of the  . h i s t o r i c  p o p ~ l a t i o n s . ~  .. 

Environmental needs of salmonids i n  the  Delta must address t h e  needs s - .  
of the  present  " p a r t i a l l y  mitigatedw populations of salmonids. 



I 

The l i f e  h i s to ry  and environmental requirements of these  f i s h  

w i l l  therefore s p e c i f i c a l l y  address cha rac te r i s t i c s  of t h e  present 

salmonid populations. 
I 

Life  History. King salmon pass through the  Delta twice duririg 

- ,  t h e i r  l i f e t ime :  once a s  young when they migrate t o  sea and once 

as mature adu l t s  when they re tu rn  t o  spawn i n  t h e i r  home stream 

a f t e r  spending up t o  f o u r  years i n  t h e  ocean. The adu l t s  d i e  

a f t e r  spawning. 

Present ly the re  a r e  th ree  spawning runs of king salmon i n  the  

Sacramento River system. The names of t h e  runs a r e  derived from 

the  season i n  which migration t o  t h e  upstream spawning grounds 

takes place. They consis t  of the  f a l l  run ( l a t e  August through 

~ovember), ranging from 150,000 t o  300,000 f i s h ;  t h e  winter-run 

(November through March), ranging from 20,000 t o  60,000 f i s h ;  - 

and t h e  spr ing run (mid-February through mid-June), ranging from 

5,000 t o  30,000 f i s h  (Fish and Game Exhibit 3 ,  p. 11-4). The 

San Joaquin River system supports . a f a l l  run which averages 

l e s s  than 20,000 f i s h  and does not reach above t h e  Merced River, 

though runs do e x i s t  in t he  Merced, Mokelumne, Stanis laus and 

Tuolumne Rivers (Fish and Game Exhibit 3, p. 11-2). Also a 'small 

winter  run of king salmon e x i s t s  i n  the Calaveras River. 

Figure 111-29 shows the  general  migration p a t t e r n s  of t h e  various 

salmon runs. F a l l  run spawning takes place i n  f a l l  and e a r l y  winter. 

Young salmon move i n t o  the  lower r i v e r  and some move i n t o  upper estuary 



FIGURE I 

Graphical description of general times of occurance of srlmon, 
steelhead rainbow trout and Americm ehrd in the Sacramento-San 
Joaguin estuary ( b ~ e d  on DF&G Exhibit 3,  Chapters 11 & IV). 
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a s  f r y  from January t o  March. After t r i n s f  orming i n t o  smol &' 
these f i s h  migrate rapid ly  t o  the  sea (Jensen, 1972). The peak 

of t h i s  migration occurs i n  May and June. Spawning by winter  

run salmon occurs i n  l a t e  May and June (Fry, 1973, pa 78). From . 

October through December f r y  move out  of t h e  upper r i v e r  wi th  t h e  

bulk of t h e  smolt downstream migration occurring i n  April and Nay. 

Spring run spawning occurs i n  ea r ly  f a l l .  Smolt migrate down- 

stream through t h e  Delta from January through June. A smaller, 

but readi ly  iden t i f i ab le ,  downstream migration of l a r g e  year l ing  

king salmon has been iden t i f i ed  a t  both Chipps Is land and t h e  

s t a t e  and fede ra l  f i s h  pro tec t ive  f a c i l i t i e s  during October and 

November. Thus, king salmon outmigrants (smolts and some yearl ings)  

can be found i n  the  Delta almost year-round, though t h e  bulk of t h e  

movement i s  i n  t h e  spr ing (Fish and Game Exhibit 3 ,  p. 11-4). 

Adult steelhead begin t o  migrate upstream through the  estuary i n  

August, and t h e  movement l a s t s  through t h e  winter months. Unlike 

salmon, many adul t s  survive spawning and re tu rn  t o  t h e  ocean during 

the spr ing (Fish and Game Exhibit 3 ,  pa 11-2 and 11-5). Steelhead 

juveniles spend one o r  two years i n  the  upper r i v e r s  before m i g r a t -  

ing  t o  t h e  ocean i n  t h e  winter and ear ly  spring. Hatchery 

re leases  of young steelhead usual ly  take place between ~ a n u &  

and March (Fish and Game Exhibit 3, p. 11-2). 

2/ Fry a re  young f i s h  not mature enough t o  migrate t o  the  sea. 

Smolt r e f e r s  t o  young f i s h  mature enough t o  migrate t o  t h e  ,., 
sea. Salmon l a r g e r  than th ree  inches general ly  f a l l  i n t o  
t h i s  category. 



Environmental Requirements f o r  Upstream Migration. Because adu l t  

salmonids a r e  capable of making a f a i r l y  rapid  t r a n s i t i o n  from 

s a l t  t o  freshwater, any na tura l  s a l i n i t y  gradient is  acceptable 

f o r  upstream migration (Fish and Game Exhibit 3 ,  p. 11-5 ; Jensen, 
. . 
. -  

1972) 
. .  .D 

Because homing salmonids a r e  d i rec ted  primarily by o l fac tory  per- 

ception of home stream water, a "homing" o r  "parent" stream odor 

gradient is  necessary. Any water diversions which destroy o r  

mislocate these  gradients  can cause straying, and an accompanying 

delay, of upstream migrant king salmon. The minimum amount of 

"home stream" water necessary i n  e i t h e r  t h e  Sacramento o r  San 

Joaquin River system is  unknown (Fish and Game Exhibit  3 ,  p. 11-5 

and 11-6). Salmon have migrated successful ly  pas t  Stockton i n  

t h e  San Joaquin River a t  ne t  downstream flows of 500 c f s  (Hallock, 

Elwell & Fry, 1970). Higher flows may be necessary f o r  optimum 

conditions, and it is l i k e l y  t h a t  higher flows a r e  des i rable  i n  

t h e  l a r g e r  channel of t h e  Sacramento River. 

Physical  b a r r i e r s  a r e  another problem faced by upstream migrant 

salmonids. Temporary rock dams have been placed i n  t h e  Delta 

i n  recent  years i n  order  t o  r e s i s t  s a l i n i t y  in t rus ions  o r  t o  

control  d i r ec t ion  of flow i n  t h e  San Joaquin River. This type 
. - 

of ba r r i e r ,  i f  misplaced o r  not constructed t o  provide a fishway, 

can pose a s i g n i f i c a n t  problem f o r  upstream migrant salmonids. . 



Salmon f r y  remain i n  t h e  gravel a f t e r  hatching u n t i l  t he  yolk sac 

is  absorbed. After emergence they es t ab l i sh  t e r r i t o r i e s  but, 

s ince  the  nursery area i s  l imited,  t h e  e a r l i e r  emerging fry fo rce  

l a t e r  emerging f r y  t o  look elsewhere f o r  s u i t a b l e  t e r r i t o r i e s .  

This density-dependent movement of ten  r e s u l t s  i n  king salmon fry 

moving slowly i n t o  t h e  upper portions of t h e  Delta. The f a l l  run 

i n  the  Sacramento River, and t o  a l e s s e r  extent i n  t h e  San Joaquin 

River, produce a s u f f i c i e n t  number of f r y  t o  cause t h e  above- 

mentioned downstream movement (Fish and Game Exhibit  3, p. 11-9). 

The f r y  remain i n  t h e i r  "residences" u n t i l  they reach a s i z e  and 

s tage  of development which allows them t o  migrate. Maturation of 

the  f r y  i n t o  smolt, t he  migratory s tage  of t h e  young salmon, t&es  

place when t h e  f r y  a r e  about 3 inches long. The occurrence of 

young outmigrating salmon peaks almost simultaneously a t  sampling 

s t a t i o n s  throughout t h e  e n t i r e  estuary. This indica tes  a rapid 

movement through the estuary and out  t o  sea. 

Flow r a t e s  sometimes d i r e c t l y  influence young survival.  Tagging 

experiments conducted from 1969 t o  1971 showed that  mor ta l i ty  of 

young salmon released i n  t h e  spr ing a t  Sacramento was subs tan t i a l ly  

higher than mortal i ty  of those released a t  Rio Vista, and the  

difference i n  t h e  mor ta l i ty  r a t e s  of f i s h  released a t  these loca t ions  

was d i r e c t l y  r e l a t ed  t o  the  flow r a t e  when t h e  f i s h  were released 

(Fish and Game ExIiibit 3 ,  p. 11-1-2). 



Food supply is another important f a c t o r  a f fec t ing  survival .  

Juveni le  salmon (smolt and f r y )  feed throughout t h e i r  outmigration. 

I n  t h e  estuary various insec ts ,  Neomysis and Corophium sp. a r e  - 
s ign i f i can t  items i n  t h e i r  d i e t  (Fish and Game Exhibit 3,  p. 11-12). .. - 

b 

4 

Final ly ,  t h e  surv iva l  of young salmon is influenced by losses  and 

handling a t  t h e  CVP and SWP export f i s h  screens. The number 

salvaged annually has ranged from 58,000 t o  512,000 during the  

l a s t  decade. The overa l l  e f f ic iency of the  screens f o r  salmon 

is on the  order of 65 t o  90 percent (depending upon the  s i z e  .class 

of t h e  salmon), so  t h e  numbers salvaged ind ica te  a l o s s  of several  

tens  of thousands of young salmon. I n  addition,  an unknown frac-  

t i o n  of those salvaged a r e  l o s t  i n  handling. The number salvaged 

probably represents  l e s s  than 5 percent of t h e  t o t a l  outmigration, 

but a much l a r g e r  f r a c t i o n  is  drawn out of t h e i r  normal migration 

paths. Studies a r e  underway t o  determine whether such deviation 

from normal migration routes  increases  mortali ty,  but i t s  e f f e c t s  

on t h e  adu l t  r e t u r n  r a t e  w i l l  not be known f o r  some time (Fish 

and Game Exhibit  3 ,  pp. 11-12 and 11-14). 

Summary of Environmental Requirements. Under the  scope of the  

water q u a l i t y  control  plan environmental requirements i n  t h e  

Delta f o r  salmonids r e l a t e  primarily t o  (1) the  maintenance of 

adequate food suppl ies  f o r  young outmigrating salmon, (2) t h e  



protect ion of salmonids from both d i r e c t  los ses  i n  water diver- 

sions and ind i rec t  losses  due t o  delays,by water diversion- 

caused deviations from normal migration routes,  and (3 )  t he  

probable streamflow requirements t o  f a c i l i t a t e  both upstream 

and downstream migration. 

Previous sec t ions  of t h i s  report  have addressed the  environmental 

requirements of t h e  zooplankton food sources u t i l i z e d  bp salmonidsc 

Fish and Game i n  t h e i r  Exhibit 11, page 9, has made est imates  as 

t o  t h e  minimum s a t i s f a c t o r y  flows i n  the  Sacramento River t o  p ro tec t  

salmonid migration. Higher flows provide benef i t s  beyond t h i s  mini- 

mum. I n  addition,  recommendations a r e  made as t o  p ro jec t  export 

curtailments, operational c r i t e r i a  t o  minimize the  diversion of 

young salmonids i n t o  the i n t e r i o r  Delta, and methods of operations 

a t  the  diversion loca t ions  t o  minimize t h e  diversion of salmonids 

f r o m  the Delta. The recommended flows pas t  Rio V i s t a  a r e  the  best 

avai lab le  information re f l ec t ing  the  minimum flow needs of salmonids 

i n  the Delta. The spec i f i c  flows w i l l  be described i n  chap& IV. 

I n  addition,  ne t  downstream flow i n  Delta channels i s  believed necessary 

f o r  e f f i c i e n t  migrations. , .. 

American Shad 

The American shad ( ~ l o s a  sapidissima) is a popular spor t f i sh  i n  

the  r i v e r s  above t h e  Delta. Shad a r e  anadromous, spawning i n  

freshwater and maturing i n  t h e  ocean. Figure 111-29 shows t h a t  

the  bulk of t h e  spawning r u n  passes through t h e  Delta from 

February t o  May. Adults migrating through the  Delta feed 

pr inc ipa l ly  on Neomysis, but they a l s o  e a t  small zooplankton. 

A few shad spawn i n  the  southern Delta and small numbers use 

t he  San Joaquin River, but most a r e  bound f o r  the  Sacramento 

River system ( ~ i s h  and Game Exhibit 3, p. IV-1). 
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Spawning occurs from April t o  July, with peak spawning i n  l a t e  

May and ea r ly  June. Water temperatures a r e  usual ly  from 5 8 ' ~  

t o  70O~. Some spawning takes place i n  t h e  Delta i n  loca t ions  

where the re  i s  f a s t  current  and freshwater, but most spawning i s  Y - 
.. - 

f u r t h e r  upstream. Many shad d i e  a f t e r  spawning (Fish and Game - 

F e r t i l i z e d  eggs d r i f t  with t h e  current  near the  bottoni and hatch 

i n  4 t o  6 days. The primary nursery area f o r  young shad i s  upstream 

of the  Delta where they grow t o  a length of 2 t o  3 inches before they 

migrate. Outmigration occurs over a long period. Throughout 

the  r i v e r  system larvae  a r e  most abundant i n  May and June, peak- 

ing i n  June. Larger f r y  and young-of-the-year a r e  most abundant 

i n  July. 

Outmigrants a r e  most numerous i n  t h e  Delta from Ju ly  through 

November (Figure 111-29). The length of the  outmigrants increases  

as  the  season progresses. Limited information indica tes  t h a t  the  

young shad i n  t h e  Delta e a t  zooplankton (copepods and cladocerans) 

primarily (Fish and Game Exhibit  3 ,  p. IV-1). 

Two re la t ionships  have been described t h a t  r e l a t e  annual production 

of young shad t o  r i v e r  flow during the spawning season. The f i r s t  

re lat ionship,  based on young shad outmigrants captured during trawl - . - 
surveys, shows t h a t  t h e  catch increases  a s  t h e  April through June 

- ,  
Delta inflow increases  (Fish and Game Exhibit 3, Figure IV-2). The 

second re la t ionsh ip  shows t h a t  t h e  catch of shad migrants a t  the  



- 

CVP and SWP f i s h  screens during August and September increases  

a s  water exports and April-June flow t o  t h e  Delta increase ( ~ i s h  

and Game Exhibit 3 ,  Figure IV-1) 

4 

I 
The most p laus ib le  hypothesis f o r  t h e  mechanism cont ro l l ing  these  

re la t ionships  is  t h a t  (1) Delta inflow l i k e l y  r e f l e c t s  t h e  amount 

of su i t ab le  spawning and nursery hab i t a t  upstream of t h e  Delta, 

(2)  hab i t a t  a v a i l a b i l i t y  l i k e l y  determines product ivi ty  by con- 

t r o l l i n g  density-dependent mortali ty,  and ( 3 )  exports d r a w  l a r g e  

populations of young shad away from t h e i r  typica l  migration routes  

on t h e i r  way t o  sea. 

Many shad migrate downstream through the  fo rks  of t h e  Mokelumne 

River, which a re  major cross-Delta water t ranspor t  channels. This 

increases t h e  s u s c e p t i b i l i t y  of shad populations t o  project  exports. 

Shad "salvagedw a t  the  CVP and SWP screens t o t a l e d  about 3 and 4 

mill ion i n  1974 and 1975, respectively.  "Salvage" of shad is a 

somewhat misleading descr ipt ion s ince  mor ta l i ty  a t  t h e  f i s h  screens 

is probably high a s  shad a r e  notoriously d i f f i c u l t  t o  handle and 

transport .  Preliminary data  indica tes  a 28 percent mor ta l i ty  just 

f r o r n  placc>rnc~nt, of 1 . 1 1 t x  :;had i n  t ~ o l d i l l g  tanks a t  t h e  SWP f a c i l i t y  

f o r  1 t o  4 hours. 

The cross-Delta flows d i r e c t  shad i n t o  t h e  i n t e r i o r  Delta where 

they a re  more suscept ible  t o  predation than they a r e  when they 

migrate i n  t h e  Sacramento River. Once i n  t h e  i n t e r i o r  Delta some 

shad may become disoriented by pro,ject induced reverse flow condi- 

t i o n s  and never reach t h e  ocean (Fish and Game Exhibit 3,  p. ITT-2). 
6 .  
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Sui table  flows a r e  e s s e n t i a l  i n  t h e  spawning t r i b u t a r i e s  t o  main- 

t a i n  t h e  shad resource. The young and adul t  outmigrants need t o  

be protected against  los ses  due t o  Delta water exports. Both 

young and adu l t  shad feed while migrating through t h e  Delta, s o  

t h e i r  food supply, consis t ing of copepods, cladocerans, and 

Neom-ysis, a l s o  requires  protect ion (Fish and Game Exhibit 3 ,  

p. Iv-2). 
- 

Sturgeon 

Two species of sturgeon, white (Acipenser transmontanus) and green 

(A. medirostr is) ,  l i v e  i n  the  estuary. The white sturgeon i s  t h e  

more abundant of t h e  two. I n  1967 t h e  population of whi te  sturgeon 

was estimated t o  be about 115,000. Sturgeon often l i v e  far  more 

than 30 years and grow t o  several  hundred pounds (Fish and Game 

Exhibit 3, p. N-5). 

The party-boat f i s h e r y  for sturgeon has grown tremendously s ince  

1964. In  t h a t  year it w a s  found t h a t  sturgeon could be taken by 

using shrimp a s  ba i t .  The yearly party-boat catches jumped from 

th ree  sturgeon i n  1963 t o  1,825 i n  1967 (Fish and Game 1968, 

p. 264). 

* 
White sturgeon a r e  found most of ten i n  Suisun and San Pablo Bays 

during t h e  summer, f a l l ,  and winter.  In  l a t e  winter and spring . . _. 

a port ion of the  population migrates up t h e  Sacramento River t o  
* 

t h e  area between Knights Landing and Hamilton City f o r  spawning. 

After spawning the  adu l t s  move back downstream t o  t h e  Delta, 

Suisun Bay and San Francisco Bay. Green sturgeon of ten  &grate  



along t h e  coast  a s  f a r  north a s  t h e  S t a t e  of Washington (Fish and 

Game Exhibit 3,  p. IV-5).  They a l so  spawn i n  t h e  Sacramento River, 

but the  exact d i s t r ibu t ion  i s  not known; it is probably s i m i l a r  t o  

t h a t  of t h e  white sturgeon. The spawning period is in fe r red  t o  

be from mid-February t o  l a t e  May from col lec t ions  of sturgeon 

larvae found i n  t h e  Sacramento-San Joaquin River systems (Kohlhorst, 

1976) . 

Sturgeon eggs a r e  adhesive a f t e r  being f e r t i l i z e d  and s t i c k  t o  

vegetation and rocks. Incurbation is  generally 5 t o  10 days. 

The nursery area f o r  t h e  young i s  apparently formed both by the  

r i v e r  near and below the  spawning area and by the  Delta and bays 

downstream. The abundance of young i n  t h e  Delta and Suisun Bay 

i s  re la t ed  t o  r i v e r  flows. Many newly hatched l a rvae  a re  trans- 

ported downstream t o  the  Delta and Suisun Bay i n  years with high 

runoff, but they a r e  scarce there  i n  years with low runoff. 

Neomysis and Corophium make up most of t h e  food of juveniles i n  

the  Delta. Larger sturgeon feed primarily on small crabs, bay 

shrimp, clams, and small f i s h e s  (Fish and Game Exhibit 3,  p.' IV-5). 

Sturgeon a r e  qu i t e  var iable  i n  growth r a t e  and age a t  sexual 

maturity. In  t h e  Sacramento-San Joaquin system r i p e  females 

ranged from 12 t o  20 years old and were 45 t o  69 inches i n  length. 

The i n t e r v a l  between spawnings f o r  female white sturgeons i n  

Cal i fornia  is  probably 5 years o r  so. No s imi la r  data  is avail-  

ab le  f o r  males (Miller, 1972). 



There is  l i t t l e  knowledge of f a c t o r s  cont ro l l ing  abundance of 

sturgeon e i t h e r  i n  t h e  Bay-Delta area o r  i n  t h e  other  West Coast 

r i v e r  qstems. The pr inc ipa l  f ea tu re  of t h e  important feeding 
0 

areas  i n  San Pablo and San Francisco Bays appears t o  be t h e  broad I 

- Y  . 
mud f l a t s  supporting l a r g e  inver tebra te  populations. Environ- . . 
mental f a c t o r s  such as  photoperiod, temperature, and the usual  . 
copious winter and sp r ing  flows could be important spawning 

s t imuli .  Since yolk sac la rvae  have negl ig ib le  swimming capabili-  

t i e s ,  they a re  probably very suscep t ib le - to  removal by water 

diversions. Early t ranspor t  t o  the  Delta where important food 

organisms a r e  abundant depends on r i v e r  flows, but t h e  importance 

of t h i s  ea r ly  t ranspor t  t o  t h e  overa l l  production of young i s  

unknown. Conditions which a r e  optimum f o r  Neomysis and Corophium, 

w i l l  l i k e l y  enhance surv iva l  and growth of both young-of-the-year 

and juveniles (Fish and Game Exhibit 3, p. IV-5; RT Vol. X I ,  p. 50). 

Resident Game Fishes 

The major r e s iden t  game f i s h e s  i n  t h e  Delta a re  c a t f i s h  and various 

sunfish (centrarchids).  The c a t f i s h  species a r e  the  white and t h e  

channel c a t f i s h  and t h e  black and t h e  brown bullhead. The most 

important sunfish a r e  t h e  black crappie, largemouth bass, and 

b luegi l l .  The l a r g e s t  res ident  spor t  f i shery  i n  t h e  Delta is  f o r  

ca t f i sh ,  mostly.white ca t f i sh .  The blackscrappie,  largemouth bass, 

and b l u e g i l l  f i s h e r i e s  a r e  important, but l e s s  extensive than the  

c a t f i s h  f i s h e r y  (Fish and Game Exhibit 3 ,  p. Iv-6). 



The white ca t f i sh ,  I c t a l u h s  catus, w a s  f i r s t  introduced i n t o  

California i n  1874 from i ts  nat ive  coas ta l  streams i n  the  southern 

and mid-eastern United S t a t e s  (Fish and Game 1968, p. 233). 

White c a t f i s h  have not been observed spawning i n  t h e  Delta. 

Young-of-the-year white c a t f i s h  a r e  found throughout t h e  Delta, 

but a survey i n  1963 and 1964 showed them t o  be more abundant 

i n  the  southern Delta channels. Adult white c a t f i s h  a r e  found 

throughout the  Delta and seem t o  prefer  t h e  qu ie t  waters of main 

channels and dead-end sloughs. White c a t f i s h  have been col lected 

as  f a r  downstream as Suisun Bay although i n  very small numbers 

(Fish and Game 1968, p. 233). Channel c a t f i s h  a r e  found mostly 

i n  the  swif te r  waters i n  pr inc ipa l  channels upstream from t h e  

cent ra l  Delta. 

Because of the  wide d i s t r i b u t i o n  of white ca t f i sh ,  many young-of- 

the-year a r e  drawn t o  the  export pumps a t  Tracy. Screening 

eff ic iency a t  t h e  SWP screens i s  only 4 t o  68 pepcent f o r  various 

s i z e  groups between - 10 and 100 mm. Therefore, most of t h e  young 

drawn t o  the  pumps a r e  car r ied  i n t o  the  export channels (Fish 

and Game Exhibit 3, p . IV-7) 

While exact s a l i n i t y  tolerances of white c a t f i s h  a r e  not known, 

a few have been taken i n  Suisun Bay a t  s a l i n i t i e s  up t o  5800 mg/l 

TDS and i n  small sloughs i n  Suisun Marsh a t  s a l i n i t i e s  up t o  about 

10,000 m g / l  TDS. However, c a t f i s h  a r e  most abundant a t  sa l in i tLes  

below 1000 m g / l  TDS. 



Largemouth bass (Micropterus salmoides) , b l u e g i l l  (Lepomis 

macrochirus) and black crappie (Pomois niffronmaculatus) a r e  t h e  

major species i n  t h e  sunfish spor t  f i s h e r i e s  (Fish and Game 

Exhibit  3, p. N-6). 

While sunfish have not  been observed spawning i n  t h e  Delta it i s  . " 

* 

suspected that they do. Young sunfish a r e  found primari ly  i n  the 

quie t  sloughs off  t h e  main Delta channels. These f i s h  seem t o  be 

l e s s  t o l e r a n t  t o  high TDS than t h e  white ca t f i sh .  Black crappie have 

been taken i n  some of the  Suisun Marsh sloughs a t  s a l i n i t i e s  of 9OOO 

t o  10,000 mg/ l ,  but they were not abundant. I n  e a r l y  October 1976, 

crappies were abundant a t  TDS l e v e l s  of about 8100 t o  8600 mg/l i n  

Denverton Slough. I n  general, however, t h e  g rea tes t  populations of 
I. 

sunfish a r e  found i n  waters of l e s s  than 1000 mg/l  TDS (Fish and 

Game Exhibit 3, pp. IV-6, IV-7). 

- r -  . .- F. %. ..,. $4~2..' . . r  '1: 

Catfish and young sunfish feed primarily on Neomvsis and Corophium. 

Young sunfish, however, consume quan t i t i e s  of copepods and clado- 

cerons (crustacean zooplankton) while adu l t  crappie and 1 argemouth 

bass commonly prey on small f i s h .  

The environmental requirements of res ident  game f i s h  a r e  generally 

l e s s  demanding than thoseof t h e  anadromous f i s h ,  ch ie f ly  due t o  
- 

t h e i r  r e l a t i v e l y  nonmigratory nature. In  addition,  because most - - 
r e s iden t  game f i s h  p re fe r  quie t  water and nes t  on the  bottom, they . 
a r e  r e l a t i v e l y  immune t o  losses  due t o  water diversions from the  

Delta. As mentioned previously, however, t h e  losses  of young-of- 

the-year while c a t f i s h  a r e  an exception. 



One influence of water export which res ident  f i s h  have i n  common 

with t h e  anadromous f i s h e s  is t h e  reduction of food organisms, 

e.g., Neomysis and Corophium, due t o  cross-Delta water transport .  

The other e f f e c t  is  t h e  reduction i n  freshwater h a b i t a t  due t o  

s a l i n i t y  in t rus ions  i n t o  t h e  western Delta. The extent  of t h e  

e f fec t  would depend upon t h e  extent and frequency of in t rus ions  

(Fish and Game Exhibit  3, pp. IV-5, IV-6 and IV-7). 

Resident Non-Game Fishes 

I n  addi t ion t o  the  f i s h e s  taken by anglers  and commercial f i she r -  . 

men, a va r i e ty  of other  f i s h e s  a r e  found i n  t h e  Delta. Some h e  

food f o r  game f i s h ,  while others  e i t h e r  feed on game f i s h  o r  

compete with them i n  various ways. A few have some po ten t i a l  

value as  food f o r  humans, but t h e i r  d i r e c t  value f o r  spor t  o r  

commercial f i s h e r i e s  a r e  l imi ted  (Fish and Game Exhibit  3, F.. IT-7). 

Cyprinids. Members of t h e  cyprinid (minnow) family i n  t h e  Delta 

include t h e  na t ive  Sacramento blackfish,  Orthodon microlepidotus, 

Sacramento hitch,  Lavinia exilicauda, s p l i t t a i l ,  Po~onichthvs 

macrole~idotus,  Sacramento squawfish, P t ~ c h o c h e i l u s  mandis,  t h e  

introduced carp, Cyprinus carpio, goldfish, Carassius auratus, and 

golden shiner,  Notemigonus crysoleucas. Cyprinids a r e  bas ica l ly  

freshwater f i shes ,  but t h e  s a l i n i t y  tolerances vary among species. 

The s p l i t t a i l  has a reasonably high s a l t  tolerance and is  found 

throughout the  Delta and even i n  t h e  bays (Fish and Game Exhibit 3, 

p 1 )  The Sacramento squawfish, i n  contrast ,  is  found primarily 



upstream of t h e  Delta (Fish and Game Exhibit 3, p. IV-7) and 

seems t o  be l imi ted  t o  completely freshwater a reas  (Turner, 

1966 (a). 

Cyprinids, except f o r  t h e  Sacramento squawfish, tend t o  be most 

abundant i n  a reas  with low flow veloc i t ies .  Few a r e  found west 

of Antioch. Increased flow v e l o c i t i e s  i n  cross-Delta t ranspor t  

channels would l i k e l y  r e s t r i c t  and degrade t h e i r  h a b i t a t  (Fish 

and Game Exhibit 3, p- m-7) 

The s p l i t t a i l  is  found i n  few places outs ide t h e  Delta. The 

Department of Fish and Game i s  \concerned t h a t  unless  a reas  

inhabited by s p l i t t a i l  a r e  maintained i n  t h e i r  present condition, 

it may not survive. L i t t l e  information i s  avai lab le  regarding 

hab i t a t  requirements of t h i s  species  but s p l i t t a i l  a r e  known t o  

spawn i n  qu ie t  waters along the  eastern periphery of t h e  Delta 

(Fish and Game Exhibit  3 ,  p. IV-8) . 

Threadfin Shad. Threadfin-shad, Dorosoma petenense, a r e  important 

forage f i s h  f o r  t h e  s t r i p e d  bass and other  predatory f i s h ,  such a s  

black crappie and largemouth bass. They a r e  most abundant i n  slow 

moving waters along t h e  eas tern  periphery of t h e  Delta but a r e  a l s o  - 
found downstream i n  t h e  Bay. Increased Cross-Delta flows probably 

would have a small negative impact on the  species (Fish and Game 

Exhibit 3 ,  pa IV-8). 

Smelts. Two species  of smelt (Osmerids) a re  found i n  the  Delta. 

These a r e  the  longfin smelt, Spirinchus thaleichthys,  and Delta 



smelt, Hypomesus t ranspacif icus.  The Delta smelt seems t o  be 

r e s t r i c t e d  t o  the  low end of t h e  s a l i n i t y  gradient. The longfin 

smelt t o l e r a t e  grea ter  s a l i n i t i e s  and a r e  found i n  t h e  Delta and 

bays (Fish and Game Exhibit 3 ,  p. IV-8). 

Like most osmerids t h e  longfin smelt i s  anadromous. A s  with s t r i p e d  

bass and American shad, annual production of t h e  longfin smelt is 

highly correlated w i t h  spr ing (April-May) outflow ( ~ i s h  and Game 

Exhibit 3, Figure IV-4, p. IV-9). Smelt l a y  eggs t h a t  s ink and 

adhere t o  pebbles o r  sand grains, but t h e  newly hatched young behave 

much l i k e  young s t r iped  bass and d r i f t  with t h e  current.  Hence, 

the  production of longf'in smelt may be controlled by the  same fac- 

t o r s  t h a t  control young s t r i p e d  bass survival  (Fish and Game 

Exhibit 3, p. IV-8). 
. . 

Tule Perch. Tule perch a re  primarily benthic feeders. Corophium. 

is  the most important food source f o r  these f i sh .  Tendipedia 

larvae are  a l s o  important, espec ia l ly  f o r  young-of-the-year t u l e  

perch (Turner, 1966(b)). These benthic habi ts ,  p lus  the  f a c t ,  t h a t  

the young a re  born f u l l y  formed and capable of swimming, should 

make t h i s  species r e l a t ive ly  immune t o  the  d i r e c t  e f f e c t s  of' water 

export increases.  Ind i rec t  e f f e c t s  by r e s t r i c t i o n  of CorophYum 

could possibly pose a  problem. 

Star rv  Flounder. The s t a r r y  flounder, Plat ichthgs s t e l l a t u s ,  is  
.. 8 

a euryhaline f l a t f i s h  which i s  common i n  San Pablo and Suisun Bays 

below the  Delta. It i s  probable t h a t  t h i s  species ranges i n t o  

the  Delta from the  bay area. Its r o l e  i n  the  Delta ecosystem appears 



t o  be a minor one. Some spawning may occur the re  and the  young 

flounders provide some s t r i p e d  bass forage (Radke, 1966). It is 

unl ike ly  t h a t  e i t h e r  moderate s a l i n i t y  in t rus ion  o r  an increase . ... I 

i n  water exports would d i r e c t l y  impact t h i s  species. 

C 

Sculpins. A t  l e a s t  two species of sculpins  have been taken i n  . . 
t h e  Delta. These a r e  t h e  Pac i f i c  staghorn sculpin, Leptocottus 

armatus, and t h e  pr ickly  sculpin, Cottus asper. The staghorn 

sculpin is  primari ly  marine but ranges i n t o  brackish and freshwater. 

The pr ickly  sculpin i s  found i n  the freshwater of coas ta l  streams 

and is known t o  breed i n  t h e  Delta (Turner, 1966(b)). 

Sculpins, as bottom-dwelling f i sh ,  a r e  unl ikely t o  be d i r e c t l y  

impacted by water t ranspor t  i n  the  Delta. Moderate s a l i n i t y  

in t rus ions  would probably not  reduce t h e  abundance of the  two 

sculpins,  but might r e s t r i c t  the  range of t h e  pr ickly sculpin 

(Fish and Game Exhibit  3, p. IV-8). 

Rare and Endangered Fish Species. Only one species of f i s h  i n  the  

Delta o r  Suisun Marsh is current ly  l i s t e d  by the  Department of Fish 

and Game a s  r a r e  o r  endangered. This f i s h ,  t h e  t h i c k t a i l  chub, 

Gila crassicauda, has not been col lected s ince  1957 and i s  thought - 
t o  be ex t inc t  i n  t h e  Delta and Suisun Marsh areas  (Jones and . . 
Stokes e t  a l ,  1975). 



Suisun Marsh 

Hydrology and s a l i n i t y  re la t ionships  i n  the channels of t h e  

Suisun Marsh a rea  have been described previously i n  t h i s  chapter. 

This sec t ion  discusses t h e  environmental f a c t o r s  which have been 

considered i n  es tabl i sh ing  s a l i n i t y  control  object ives  f o r  con- 

tinued maintenance of the  Marsh. 
1 

Suisun Marsh is  a remnant of t h e  more extensive brackish water harsh 

areas  which formerly bordered San Francisco Bay. The d i v e r s i t y  

and extent of hab i t a t  ava i lab le  i n  Suisun Marsh.is a c r i t i c a l  

f a c t o r  i n  t h e  maintenance of c e r t a i n  species of f i s h  and wi ld l i fe .  

Over 200 species  of b i rds  have been i d e n t i f i e d  i n  Suisun Marsh. I n  

addi t ion t o  ducks and geese, the re  a r e  herons, egrets,  shore birds,  

rails, coots, grebes, te rns ,  hawks, eagles, doves, pheasants and many 

other  b i r d s  t h a t  depend on the  marsh f o r  t h e i r  survival.  Many a r e  

permanent residents ;  s t i l l  more a r e  e i t h e r  summer o r  winter  v is i tan ts .  

I n  addi t ion  t o  birds ,  the  Marsh a l s o  supports many mammals r ep t i l e s ,  

amphibians, f i s h e s  and invertebrates .  Among mammals  t h a t  inhab i t  

the  Marsh a r e  muskrat, beaver, r i v e r  o t t e r ,  mink and the  Suisun 

shrew. There a re  two subspecies of s a l t  marsh harvest  mouse i n  ' 

t h e  San Francisco Bay area and i n  t h e  marshes around Suisun,Bay. 

Suisun Marsh supports 45 species of mammals and 15  species of 

r e p t i l e s  and amphibians (RT Vol. X I I ,  p. 10).  

As might be expected of a dwindling habi ta t ,  a number of species  

of animals found i n  the Marsh a r e  r a r e  and/or endangered. These 



include one of t h e  subspecies of t h e  sal t  marsh harvest  mouse jus t  - I 
I 

mentioned, t h e  g ian t  g a r t e r  snake, Cal i forn ia  black rail, American 

peregrine falcon, bald eagle, yellow-billed cuckoo, and the  t u l e  

goose. O f  these species, the m e ,  snake and rail a r e  dependent on 

marsh h a b i t a t  (RT Vol. XII, pp. 10-11, p. 83). 

The Marsh provides not only food but a l s o  e s s e n t i a l  h a b i t a t  f o r  

many species  of animals. Trees and bushes i n  Suisun Marsh pro- 

vide nes t ing  s i t e s  f o r  many b i rds  t h a t  otherwise could not l i v e  

there. Tules and c a t t a i l s  provide food f o r  beaver and muskrat 

and valuable cover f o r  many non-game 'species of w i l d l i f e  ( r a i l ,  

blackbird, etc.  ) . 

To maintain t h e  d i v e r s i t y  of animal species, the  Marsh must be 

heterogeneous. A s ing le  uniform hab i t a t  could not maintain t h e  

present  wide va r i e ty  of animals. Beaver and muskrat e a t  foods 

from p lan t  species  found i n  freshwater por t ions  of t h e  Marsh. On 

t he  o ther  hand, t h e  Suisun shrew and salt  marsh harvest  mouse l i v e  

among p lan t  species  ( ~ a l i c o r n i a )  t h a t  predominate only i n  s a l t i e r  

p a r t s  of the  Marsh. It is  not known whether o r  not t h e i r  l i f e  cycles 

require  low s a l i n i t y  water a t  some time (~chaub ,  1971). 

One of t h e  major f ac to r s  cont ro l l ing  the, v e r t i c a l  s t r a t i f i c a t i o n  . 
of vegetation i s  t h e  extent of t i d a l  inundation of t h e  plants .  

The r e s u l t i n g  p lant  d i s t r i b u t i o n  i n  na tura l  marsh areas  produces 

d e f i n i t e  pa t te rns  o r  v e r t i c a l  zones of vegetation. The v e r t i c a l  



pa t t e rns  i n  the  managed por t ion  of t h e  Marsh a r e  more d i f fuse  than 

i n  na tu ra l  t i d a l  marsh a reas  because the  land manager can and does 

a l t e r  the  duration and depth of submergence (Fish and Game Exhibit 
4 

I' Some plant  species, such a s  f a t  hen  triplex patu la)  and brass 

buttons ( Catula coronapif o l i a )  , grow bes t  on disturbed s o i l  ( ~ i s h  

and Game Exhibit 3, p. VI-13). Alkali  bulrush (Scimus  robustus) 

of grea t  importance a s  waterfowl food, is a perennial  t h a t  survives 

wel l  under s t ab le  conditions. Only a s  a r e s u l t  of low s a l i n i t y  

conditions f o r  seed germination a r e  new stands of a l k a l i  bulrush 

produced. These newly establ ished stands i n  t u r n  produce more seed 

than other  stands (Mil le r  e t  al, 1975). Thus, changes i n  conditions 

through time, temporal heterogeneity, a r e  benef i c i a l  f o r  the  Marsh. 

Therefore, both s p a t i a l  and temporal heterogeneity a r e  important 

t o  maintenance of marshes a s  complex and productive ecosystems. 

Continuing t h i s  heterogeneity may be a s  d i f f i c u l t  a s  meeting the  

need f o r  low s a l i n i t y  water. 

S a l i n i t v  Requirements of the  Manaced Wetlands. A s  described 

earlier.,  about  57,000 acre:; of t h e  Suisun Marsh area a re  diked, 

managed wetlands which provide h a b i t a t  f o r  waterfowl during t h e i r  

winter s t ay  i n  California. The managed a reas  a r e  more impohant  

f o r  most waterfowl than the  surrounding na tu ra l  t i d a l  marshes because 

management of these lands allows more food p e r  acre  can be produced 

and the water surface area and depth t o  be control led t o  provide 

more desirable  waterfowl habi tat .  



Studies  by Fish and Game have shown t h a t  the  f i v e  most abundant 

duck species  pr imari ly  u t i l i e e  only 6 of t h e  177 p lan t  species  

i d e n t i f i e d  i n  the  Marsh ( ~ i s h  and Game Exhibit 3, p. VI-2). O f  

these s i x  p l a n t  species, a l k a l i  bulrush was the  major food of an 

estimated 88 percent of the  wintering waterfowl even though it 

represented only 6.3 percent of the  marsh vegetation i n  1960 and 

12.7, percent i n  1973. B r a s s  buttons was second i n  overa l l  use 

even though it cons t i tu ted  only 2.1 percent of t h e  marsh vegetation 

i n  1960. No use data was provided f o r  1973. Fat hen was t h i r d  i n  

importance i n  1960 and second i n  1971 ( ~ i s h  and Game Exhibit 3, 

S o i l  s a l i n i t y  i n  t h e  Marsh during spring i s  a major f a c t o r  affect-  

ing  these important plants.  It not only a f f e c t s  t h e i r  d i s t r i b u t i o n  

i n  the  Marsh but a l s o  a f f e c t s  the  amount of waterfowl food t h a t  they 

produce. S o i l  s a l i n i t y  r e f l e c t s  composite of t h e  water ava i lab le  

t o  the  land over t h e  year. 

The t i d a l l y  influenced a reas  of the  Marsh a r e  per iodica l ly  inundated 

by water from t h e  contiguous bays and sloughs. Maximum flooding of 

these lands occurs a t  high t ide.  Therefore, channel water a t  high 

t i d e  i s  the  major source of water f o r  these areas,  as it is  f o r  

the  managed areas of the Marsh. The managed areas,  diked and b 

physical ly  separated from t h e  t i d a l  marshes, obtain t h e i r  water 

supply from the  surrounding bays and sloughs p r inc ipa l ly  from - 
- * 

October through May. Flap ga tes  allow water a t  high t i d e  t o  flow 

i n t o  t h e  managed a r e a s  t o  f i l l  t h e  i n t e r i o r  ponds. A t  low t i d e  

the  f l a p  ga tes  a r e  used t o  prevent flow of water from the  ponds, 
. . 

except when they a r e  being ac t ive ly  drained. Because of the  
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small gradient  between the  pond l e v e l  and t h e  maximum o r  minimum 

t i d a l  stages, f i l l i n g  o r  draining the  pond takes  many t i d a l  cycles  

t o  complete. 

. . 

Bond water and the  s a l t  it contains, along with management of t h e  

water appl ied t o  obtain e f fec t ive  leaching of salts from t h e  s o i l s ,  

determine t h e  s o i l  s a l in i ty .  A s  Delta outflow decreases, channel 

water s a l i n i t y  a t  high t i d e  increases  causing higher  pond water 

s a l i n i t i e s  which r e s u l t  i n  higher  s o i l  s a l i n i t i e s .  

The requirements of a l k a l i  bulrush have been s tudied because of 

the  importance of i t s  seed t o  waterfowl. Seed y i e l d  is a function 

of s o i l  s a l t  concentrations i n  the  month of May. The most su i t ab le  

salt  concentration during May was found t o  be about 8 p a r t s  p e r  
. b 

thousand (ppt)  TDS (RT Vol. X I I ,  p. 25). The re la t ionship  betvken 

seed y i e l d  and May s o i l  s a l i n i t y  is shown i n  Figure 111-301 The 

apparent decline i n  y i e l d  with concentrations l e s s  than 8 FS 
is due t o  i n t e r s p e c i f i c  competition and not  the  e f f e c t s  of lowered 

s a l i n i t y  (Fish  and Game b h i b i t  3,  p. VI-11). 

Germination of a l k a l i  bulrush seeds is a l s o  a f fec ted  by s o i l  and 

water sa l in i ty .  As water s a l i n i t y  increases  i n  t h e  spring, t h e  

r a t e  of seed germination decl ines  and the  time required f o r  

germination increases. I n  Fish and Game studies ,  only 3-8 percent 

of t h e  seeds immersed i n  water with a s a l i n i t y  of 10 ppt  TIjS 



FIGURE 111-30 

RELATION OF ALKALI BULRUSH SEED YIELD 
TO MAY SOlL SALINITY AND LENGTH OF SOlL 
SUBMERGENCE. 
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germinated during a two-month t e s t .  In  d i s t i l l e d  water 91 percent 

of the  seeds germinated -&thin 3 weeks. Vir tua l ly  no germina- 

t i o n  occurred i n  water of 1 5  ppt TDS. 

. . 
Management prac t ices  a l so  influence seed production of a l k a l i  

bulrush. Long s o i l  submergence provides an added benef i t  by 

increasing seed yield.  Less than e igh t  months submergence 

reduces yield,  and longer submergence increases yield.  This 

re la t ionship  i s  shown i n  Figure 111-30(b). Although not indicated 

by the  f igure ,  May s a l t  concentrations a t  or  above 25 ppt TDS a r e  

assumed t o  be completely l imi t ing  t o  seed production regardl'ess 

of the  length of s o i l  submergence (Fish and Game Exhibit 3,  

p. VI-13 ) . 

I n  addition,  manipulation of flooding prac t ices  a f f e c t s  t h e  s o i l  

s a l i n i t y  concentrations. S a l t s  a r e  present a t  a l l  times i n  the  

s o i l  underlying Suisun Marsh. When the  s o i l  i s  flooded with 

freshwater, s a l t s  i n  t h e  upper zone a r e  leached out. The extent 

of reduction i n  s o i l  s a l i n i t y  during flooding depends on (1) 

s a l i n i t y  of t h e  applied 'witer, ( 2 )  permabili ty of the  ' sbi ls ,  ( 3 )  

efficiency of drainage systems, (4) the  number of leaching cycles, 

and ( 5 )  t o  a l e s s e r  extent  the  duration of s o i l  submergence. 

The management of land i n  Suisun Marsh i s  based on these  effects.  

Individual f a c i l i t i e s  f o r  moving water on and off the  managed 

portions of the  Marsh, water management programs and, of course, 

ava i lab le  water qua l i ty  a r e  used by land managers t o  s e l e c t i v e l y  

encourage desirable  food p lan t s  while discouraging o ther  l e s s  

desirable  species. 

111-101 



Before one can determine $he water qua l i ty  necessary t o  provide 

t h e  bes t  possible  conditions f o r  any pa r t i cu la r  species  of plant,  

assumptions must be made a s  t o  the  adequacy of the  management 

f a c i l i t i e s  and t h e  type of water management programs t h a t  w i l l  

be employed. 

Fish and Game i n  t h e i r  Exhibit 3 ,  pages VI-17 and VI-18, presented 

a water management schedule t h a t  has been formulated a s  a guide 

t o  duck club owners and operators t o  maximize waterfowl. food 

production. This water management schedule w a s  the  product of 

many years of research and f i e l d  experience. "Properly executed 

it favors  t h e  production of the  th ree  major waterfowl food plants,  

a l k a l i  bulrush, f a t  hen, and brass  buttons, and does not r e s u l t  

i n  t h e  complete eradicat ion of any other p lant  speciestv (Fish and 

Game Exhibit 3 ,  p. vI-18). 

Assuming t h a t  adequate management f a c i l i t i e s  would be avai lab le  

on each duck club, Fish and Game proposed a water q u a l i t y  schedule 

f o r  the  months October through May (Fish and Game Exhibit 3 ,  

p. VI-20). If t h i s  water q u a l i t y  were made avai lab le  t o  each 

club, Fish and Game believes t h a t  90 percent of maxirmun a l k a l i  

bulrush production could be achieved provided adequate management 

f a c i l i t i e s  a r e  u t i l i z e d  and t h e  proposed water management schedule c 

is  followed. The spec i f i c s  of t h i s  water qua l i ty  schedule a r e  - 
discussed under pro jec t  mit igat ion i n  Chapter I V  and a r e  shown 

- v 

i n  Table IV-1,  Column B. 



Suisun Marsh Protect ion Recent l e g i s l a t i o n  has authorized 

t h e  development of a plan f o r  protection of Suisun Marsh. The 

Suisun Marsh Preservation Act of 1977 (AB 1717) author ized . the  

San Francisco Bay Conservation and Development Commission '(BCDC) 

t o  administer t h e  Suisun Marsh Protect ion Plan which was sub- 

mitted by BCDC t o  the  Legislature  on December 17, 1976. Section 

29205 of the  Act es tabl i shes  the  Marsh as p a r t  of BCDC's segment 

of the  Cal i fornia  coas ta l  zone f o r  purposes of planning and manage- 

ment pursuant t o  t h e  Coastal Zone Management Act of 1972 (PL 92-583; 

16 U.S.C. 1451 e t  seq.). The Act provides t h a t  t h e  County of 
. . . . 

Solano s h a l l  prepare a l o c a l  protect ion program f o r  t h e  MarsX 

which i s  consis tent  with the  po l i c i e s  of t h e  Protect ion Plan 

prepared by BCDC (Section 29400). The l o c a l  protect ion program 

i s  t o  regula te  development i n  and adjacent t o  Suisun Marsh.. The 

Suisun Resource Conservation D i s t r i c t  is  designated a s  t h e  agency 

t o  prepare and administer a management program designed t o  preserve, 

pro tec t  and enhance the  p lant  and w i l d l i f e  communities- within t h e  

primary management area of the  Marsh. These plans a r e  t o  be approved 

by Fish and Game and submitted t o  BCDC f o r  c e r t i f i c a t i o n  not l a t e r  
than January 1, 1979. 

The Act recognizes the  dependency of the  Marsh on t h e  maintinance 

of adequate water q u a l i t y  which i s  a funct ion of t h e  freshwater 

outflow from the  Delta, and t h a t  f u t u r e  upstream storage on t r i b u -  
. . 

t a r i e s  t o  the  Delta could have adverse impacts on the  Marsh unless  

adequate mit igat ion measures a r e  taken (Section 29010(a). The Act 

does not authorize BCDC t o  take ac t ion  r e l a t i n g  t o  maintenance'of 

adequate s a l i n i t y  i n  t h e  Marsh. However, it s t a t e s  t h a t  t h e  



Legislature  expects the  resolu t ion  by other  agencies of t h e  problems 

r e l a t i n g  t o  upstream development and the  development of a l terna-  

t i v e  water suppl ies  t o  t h e  Marsh t o  pro tec t  it from the  adverse 

impacts of s a l i n i t y  in t rus ion  and from any other s i g n i f i c a n t  ad- 

verse impacts (Section 29010(b)). 

The Act imposes a judica l ly  enforceable r e spons ib i l i ty  on a l l  

s t a t e  agencies t o  comply with the po l i c i e s  of the  protect ion plan 

(Section 29302(a)) but s p e c i f i c a l l y  exempts any loca l ,  s t a t e  o r  

f ede ra l  agency from being required by such po l i c i e s  t o  e s t ab l i sh  

or  meet a s p e c i f i c  water q u a l i t y  standard i n  t h e  Marsh, o r  t o  

maintain a spec i f i c  l e v e l  of Delta outflow (Section 29302(c)). 

These po l i c i e s  were used i n  the  development of the  recommended 

plan discussed i n  Chapter V of t h i s  document. The po l i c i e s  con- 

ta ined i n  t h e  Suisun Marsh Protect ion Plan have been reviewed and 

t h e  following appear t o  be re levant  t o  the proposed act ion by 

t h i s  Board. The headings and numbers a r e  a s  they appear i n  t h e  

Suisun Marsh Protect ion Plan. 

Environmental Pol ic ies :  

1. The d i v e r s i t y  of h a b i t a t s  i n  the  Suisun Marsh and 

surrounding upland areas  should be preserved and 

enhanced wherever possible  t o  maintain t h e  unique 

w i l d l i f e  resource. 

2. The Marsh waterways, managed wetlands, t i d a l  marshes, - 

seasonal marshes, and lowland grasslands a r e  c r i t i c a l  - 

h a b i t a t s  f o r  marsh-related w i l d l i f e  and a r e  e s sen t i a l  

t o  t h e  i n t e g r i t y  of the  Suisun Marsh. Therefore, 

these  h a b i t a t s  deserve spec ia l  protection. 



3. Exist ing uses should continue i n  t h e  upland grasslands 

and cul t iva ted  areas  surrounding the  c r i t i c a l  hab i t a t s  

of t h e  Suisun Marsh i n  order t o  pro tec t  t h e  Marsh and 

preserve valuable marsh-related w i l d l i f e  habi ta t s .  

Where feas ib le ,  t h e  value of t h e  upland grasslands 

and cul t iva ted  lands a s  h a b i t a t  f o r  marsh-related 

w i l d l i f e  should be enhanced. 

4. The eucalyptus groves i n  and around t h e  Marsh, particu- 

l a r l y  those on Jo ice  and Grizzly Islands,  should not  be 

disturbed. 

Water Supply and Qua l i ty  Pol ic ies :  
8 .  

1. fhire- should increase i n  diversions by s t a t e  

or  f ede ra l  governments t h a t  would cause v io la t ions  of 

ex i s t ing  Delta Decision o r  Basin Plan standards. 

2. Basin Plan water qua l i ty  standards should be reviewed 

as  b e t t e r  data  becomes avai lable ,  and revised as 

necessary t o  pro tec t  the  Marsh. 

3. Water qua l i ty  standards i n  t h e  Marsh should be met by 

maintaining adequate inflows from t h e  Delta. Fresh- 

water from projec ts  designed t o  import or  r e d i s t r i b u t e  

freshwater i n  the  Marsh, and, therefore,  t o  compensate 

f o r  reduced inflow from the  Delta, should not be used 

unless it i s  establ ished t h a t  t h e  importation o r  redis- 

t r i b u t i o n  of water w i l l  not have a s i g n i f i c a n t  adverse 

impact on the  Marsh. 



~ h e ( ~ r o ~ o s e d  ac t ion  by t h e  ~ o a r d )  would not be i n  c o n f l i c t  with 

the  above pol ic ies .  The Act authorizes BCDC t o  submit t o  any 

s t a t e  agency recommendations designed t o  carry out its funct ions 

i n  a  manner cons is ten t  with t h e  po l i c i e s  of the  protect ion plan I 

(Section 29304(a)). Any s t a t e  agency receiving such recommenda- . 
- 

. . 
. - 

t i o n s  must consider them and, i n  t h e  event the  recommendations .. . . 
.& 

a r e  not implemented, r epor t  t o  BCDC o r  t h e  Governor and t h e  

Legislature  i t s  ac t ion  and the  reasons therefor  (Section 29304(b)). 

Recommendations were submitted by BCDC t o  the  Board during the  

hearing (RT Vol. XV. p. - 9 - e t  seq., December 11, 1976. The 

recommendations which r e l a t e  t o  the  cont ro l  of s a l i n i t y  and Delta 

outflow, o r  the  mit igat ion of adverse impacts r e su l t ing  from 

these fac tors ,  a re  summarized below. 

Adoption by t h e  Board of t h e  following spec i f i c  object ives  was 

recommended by BCDC f o r  any water q u a l i t y  cont ro l  program f o r  the  

Suisun Marsh: 

"That d i v e r s i t y  [of] hab i t a t s  i n  t h e  Suisun Marsh and 

surrounding upland a reas  should be preserved and enhanced 

wherever possible  t o  maintain the  unique w i l d l i f e  resource 

and t h e  marsh waterways, managed wetlands, t i d a l  marshes, 

seasonal marshes, and lowland grasslands should receive 

spec ia l  protect ion s ince  they a r e  c r i t i c a l  hab i t a t s  f o r  

marsh-related wi ld l i f e ,  and a r e  e s sen t i a l  t o  the  i n t e g r i t y  . 

of t h e  Suisun Marsh." 



"The Board should s e t  long-term e a s i l y  monitored s a l i n i t y  

standards f o r  water i n  t h e  Marsh ensuring tha t ,  one, a 

mean annual ' s o i l  s a l i n i t y  between 8 and 18 pa r t s .  per 

thousand TDS i n  the  f i r s t  12 inches of s o i l  on t h e  

managed wetlands anywhere i n  the  marsh, and, two, s o i l  

s a l i n i t y  during the  month of May not exceeding nine [parts 

per thousand] TDS i n  t h e  f i r s t  12  inches of soil ."  

"We would encourage you t o  change the  ex i s t ing  de f in i t ion  

of t h e  Suisun Marsh t o  include t h e  Primary Management area 

defined i n  the  Suisun Marsh Protect ion Plan. I n  addition, 

the  westward l i m i t  of the  boundary should be extended t o  

the  Carquinez S t ra i t s . "  

"In order t o  reduce o r  eliminate the  possible  e f f e c t s  of 

increased s a l i n i t y ,  a  number of freshwater importation 

pro jec ts  a r e  under study; however, t h e  extent  of possible  

f e a s i b i l i t y  of freshwater import pro jec ts  is unproven. 

In  l i g h t  of t h e  uncertainty surrounding the  impacts of 

the  marsh from freshwater import projects ,  [BCDC] bel ieves 

t h a t  water qua l i ty  standards i n  the  marsh should be met 

through the  maintenance of adequate inflow from t h e  Delta. 

The Board, therefore,  [should] preclude pro jec ts  designed t o  

import o r  r e d i s t r i b u t e  freshwater i n  the  marsh unless it is  

establ ished t h a t  such pro jec ts  w i l l  have no s i g n i f i c a n t  

adverse impacts on t h e  marsh." 



"The Central  Valley .project  and Cal ifornia  Water Pro jec t  

should be required t o  finance (1) the  construction, opera- 

t ion,  and maintenance of any f a c i l i t i e s  required t o  . . 

provide a replacement freshwater supply of s u i t a b l e  - -+ 

q u a l i t y  t o  t h e  marsh; (2)  the  d i s t r i b u t i o n  of such water - 
within t h e  marsh, and (3)  t he  increased cost  of improved 

water management methods necessary t o  e f f i c i e n t l y  use 

it on the  managed wetlands." 

"Continued monitoring and research. Monitoring should 

continue i n d e f i n i t e l y  t o  accurately record impacts on 

the' f lushing  of San Francisco Bay, turb id i ty ,  sediment 

d is t r ibut ion ,  and s o i l  s a l i n i t y .  The cos t  of monitor- 

ing  should be borne by those who use diverted water." 

S a l i n i t y  Requirements of the  Unmanaged Wetlands. The recommenda- 

t i o n s  of Fish and Game, Cal i fornia  Waterfowl Association and the  

Suisun Resource Conservation D i s t r i c t  primarily r e l a t e  t o  protec- 

t i o n  of t h e  managed areas  of Suisun Marsh. The concerns expressed 

by t h e  Urn S. Fish and Wildl i fe  Service f o r  protection of f i s h  and 

w i l d l i f e  h a b i t a t  i n  t h e  unmanaged areas  of t h e  Marsh (U. S, F ish  

and Wildlife Service Exhibits 4  and 11-l), and the  po l i c i e s  of t h e  

Suisun Marsh Protect ion Plan have required consideration of addi- 

t i o n a l  information. Several recent  repor ts  a r e  avai lab le  as 

sources of such information (Jones and Stokes e t  a l ,  1975 ; C H ~ M  - .  
H i l l ,  1976; BCDC S ta f f ,  1976; Department, 1974(b) ; Miller e t  a l ,  



A s  previously described Suisun Marsh has been defined by the  

Legislature  t o  include Suisun, Grizzly and Honker Bays and t h e  

i s l ands  within these  bays. The managed marshlands comprise approxi- 

mately 88 percent of t h e  t o t a l  land area. Some of the  remaining - 

12 percent, o r  about 6880 acres,  could be a f fec ted  as w i l d l i f e  

hab i t a t  by increases  i n  sa l in i ty .  However, a subs tan t i a l  amount 

of t h i s  area,  including t h e  Potrero H i l l s  and the  eas te rn  boundary 

of the  Marsh near  the  Montezwna H i l l s  and Kirby H i l l ,  a r e  a t  

s u f f i c i e n t  e levat ion above sea l e v e l  t h a t  the  vegetative cover 
. . 

would not be a f fec ted  by changes i n  Marsh sa l in i ty .  The remain- 

ing p o s s i b i l i t y  would be t h a t  the  vegetation on o r  adjacent to 

levees might be a f fec ted  and change i t s  value a s  h a b i t a t  f o r  wildlife.  

The r ipa r i an  vegetation along the  channel s i d e  of t h e  levees i n . t i d a 1  

sloughs i s  l imi ted  by the  depth and frequency of flooding t o . s p e c i e s  

such a s  narrowleaf c a t t a i l  (%ha a n m s t i f o l i a ) ,  olney bulrush 

( Scimus  olneyi) , and t u l e s  ( ~ c i m u s  acutus o r  S. cal i fornicus) .  . 

Figure 111-12 on page 111-34 graphical ly  shows the  loca t ions  of the  

managed marsh, t i d a l l y  influenced a reas  and various o the r  h a b i t a t s  

i n  the Marsh. Olney bulrush and t u l e s  can t o l e r a t e  higher s a l f n i t i e s  

than narrowleaf c a t t a i l .  These p lan t s  provide pro tec t ive  cover f o r  
.: . 

waterfowl, s m a l l  mammals and game birds ,  f i s h ,  and amphibians. . They- 

a l s o  provide nest ing s i t e s  f o r  some species  and serve a s  food f o r  

muskrats. The abundance of t h i s  type of vegetation i s  l i m i t e d t i n  

many areas  due t o  channelization and dredging f o r  levee f i l l .  

Progressing upstream i n  the  various channels which receive f r e s h  

water inflow, the  levees may support willows (Sal ix  SP), black- 

berry ( Rubus ursinus)  , California  rose (Rosa ca l i fo rn ica )  , and 

occasional t r e e s  such a s  eucalyptus ( ~ u c a l y p t u s  2) o r  a l d e r  

. . ( ~ l n u s  rhombi o l i a )   ones and Stokes e t  a l ,  1975). 

111-109 



Although such r i p a r i a n  vegetation may be l imi ted  t o  narrow s t r i p s  

and may be subjected t o  occasional control  e f f o r t s ,  it i s  more .. ... 

important as res iden t  w i l d l i f e  h a b i t a t  on an acre-for-acre com- 

parison than many areas  of the  Marsh which a r e  seasonal ly flooded. 
, 

The r i p a r i a n  vegetat ion supports many small animals such as birds,  - 
- 

rodents and amphibians which a r e  prey f o r  predators such as t h e  . -. 
mink (Mustela vison), o t t e r  (Lutra canadensis), raccoon (Procvon 

l o t o r ) ,  owls, hawks, fa lcons  and eagles. For a more comprehensive - 
l is t  of species  and information on t h e i r  occurrence with various 

types of vegetation, t h e  reader  is refer red  t o  the  Fish and Wild- 

l i f e  Element of t h e  Suisun Marsh Protect ion Plan (Jones and Stokes 

e t  a l ,  1975). . .. 

The e f fec t  of increasing s a l i n i t y  i n  t h e  t i d a l  channels probably 

would be t o  a l t e r  gradually ax i s t ing  r ipa r i an  vegetation t o  more s a l t  

t o l e r a n t  species. I n  a given area  t h i s  could mean t h a t  c a t t a i l s  

would be replaced by tu les ,  t u l e s  would be replaced by cord grass, 

and t h a t  willows, blackberries,  Cal i fornia  Rose and t r e e s  which 

requi re  l e s s  s a l i n e  water would gradually d i e  and disappear. The 

most s i g n i f i c a n t  l o s s  i n  such a change probably would be the  

disappearance of t r e e s  which serve a s  nest ing s i t e s  and roos t ing  

cover f o r  various birds.  The extent  of t i d a l  a reas  and the  loca t ion  

of eucalyptus t r e e s  a r e  shown on Figure 111-12. I n s u f f i c i e n t  i n f o r  . 
mation is ava i l ab le  t o  allow a quan t i t a t ive  estimate of t h e  e f f e c t s  - - 
of h a b i t a t  changes on w i l d l i f e  populations i n  the  Marsh. I n  addition,  - 
t he  s ignif icance of any such change may be overshadowed by o ther  

changes i n  the  management o r  development of adjacent lands. I f  

changes i n  vegetat ion and wi ld l i f e  hab i t a t  occur, it i s  important 

t o  consider p o t e n t i a l  e f f e c t s  on ra re  and endangered species. 



L i s t s  of p lants  and animals i n  t h e  Suisun Marsh area  which have 

been c l a s s i f i e d  a s  r a r e  and endangered a r e  included i n  Tables 

111-2 and 111-3, respectively.  Locations of the rare and endangered 
p lant  species  a re  shown i n  Figure 111-12. 

I f  t h e  proposed Board ac t ion  r e s u l t s  i n  an increase i n  t h e  salinity 

i n  the  t i d a l  channels, t he  only species on t h e  lists i n  Tables 

111-2 and 111-3 which might conceivably be adversely af fec ted  

would be t h e  Cal i fornia  yellow-billed cuckoo and t h e  t h i c k t a i l  

chub. The remaining species e i t h e r  have a high s a l i n i t y  tolerance 

or  inhabi t  t h e  managed a reas  of the  Marsh and would not  be adversely 

af fec ted  by the  proposed action. 

The Cal ifornia  yellow-billed cuckoo may no longer e x i s t  i n  Suisun 

Marsh. Recent statewide surveys have establ ished t o  Fish and Game's 

s a t i s f a c t i o n  t h a t  the  species  does not e x i s t  i n  t h e  Suisun M&sh 

area (Leach, 1978). Thus, no f u r t h e r  consideration of t h i s  species  

is  warranted. 

The t h i c k t a i l  chub may be already ex t inc t  s ince  t h e  l a s t  known 

specimen was col lected i n  1957 from Steamboat Slough. The thick- 

t a i l  chub has not been found s ince  then i n  the  extensive f i s h  

col lec t ions  by F i sh  and Game from t h e i r  ne t t ing  operations con- 

ducted i n  the  Delta and Suisun Marsh, o r  from t h e  f i s h  col lec t ion  

f a c i l i t i e s  a t  the  CVP and SWP Delta pumping plants.  The Board 

believes t h a t  s u f f i c i e n t  ne t t ing  has been done by Fish and Game 

i n  t h e  Suisun Marsh area  t o  be reasonably sure  t h a t  t h i s  species  

no longer e x i s t s  i n  the  Marsh, 



TABLE 111 - 2 

RARE AND ENDANGERED PLANTS LOCATED 
I N  THE SUISUN MARSH AREA 

CNP.& 
Species R-E-V-D Code Habitat  Type 

1. Bolander water hemlock 2-2-2-3 
( Cicuto bolanderi) 

Suisun t h i s t l e  - 
(Cirsium h dro hilum 
var. hydro * hilum 

3. Hispid b i r d 1 s  beak 2-2-2-3 
(Cord lanthus mol l i s  - T i k x F  

L. Soft  b i r d 1 s  beak P. E. --3 . -  - ~- 

(Cord lanthus mol l i s  --dim-- 
5. Contra Costa baer ia  3-2-2-3 

( Lasthenia con,jugens) 

6. Lilaeo sis masonii P. E. --3 
(-0- 

S a l t  marshes 

Brackish marshes around 
Suisun Bay 

Alkaline places, va l ley  
grasslands 

S a l t  marshes 

Low, sunny f la ts ,  drying 
borders of vernal  pools 

No information 

Cal i forn ia  Native Plant  Society Rari ty  - Endangerment Code 
Rari ty  (R) 

1. Rare, of l imi ted  d i s t r ibu t ion ,  but d i s t r ibu ted  widely enough 
t h a t  o t e n t i a l  f o r  ex t inc t ion  o r  ex t i rpa t ion  i s  apparently + low a present.  

2. Occurrence confined t o  severa l  populations o r  one extended 
population. 

3. Occurs i n  such small numbers t h a t  it i s  seldom reported; o r  
occurs i n  one o r  very few highly r e s t r i c t e d  populations. 

P. E. Possibly e x t i n c t  o r  extirpated.  
Endangerment ( E) 

1. Not endangered. 
2. Endangered i n  par t .  
3. Total ly  endangered. 

Vigor (V) 
1. Stable  o r  increasing. 
2. Declining. 
3. Approaching ext inc t ion  o r  ext i rpat ion.  

General Dis t r ibut ion  (D) 
1. Not r a re  outs ide California.  
2. Rare outside California.  
3. Endemic t o  California.  

[Information from California  Native Plant  Society, Spec. Pub. No. 1, 
"Pnventory of Rare and Endangered Vascular P lants  of California," 
19741 





TABLE 111-3 
. (continued) 

Federal  Government 

FR On o f f i c i a l  f ede ra l  endangered species  list, Federal R e ~ i s t e r ,  
Ju ly  14, 1977. 

T Those species i d e n t i f i e d  by the  U. S. Fish and Wildlife Service . r .  

as being possible  candidates f o r  o f f i c i a l  endangered species  
list, but a t  the  present  time have no l e g a l  s ta tus .  U. S. Fish .. 
and Wildlife Service, 1973. Threatened Wildlife of the  United - 
States .  

S May be adversely influenced by changes i n  s a l i n i t y  i n  t i d a l  
channels. 

+ Occurrence of t h i s  species  on the  study area  is uncertain. 

* Known o r  l i k e l y  t o  breed i n  the  study area. 

I/ No longer believed t o  e x i s t  within the  study area. 

Sources: Jones & Stokes, 1975 
Fish and Game, 1976 



San Francisco Bay 

General Character is t ics .  The San Francisco Bay Basin (Figure 

111-31) i s  oriented i n  a general northwest/south-east d i r ec t ion  

encompassing San Francisco (cen t ra l  and south), San Pablo, Suisun, 

Grizzly and Honker Bays, and including a l l  o r  major port ions of 

Alameda, Contra Costa, Santa Clara, San Mateo, San Francisco, 

Marin, Sonoma, Napa and Solano Counties. 

Tidal  marshlands border a considerable por t ion  of southern 

San Francisco Bay (South Bay), t h e  northern edge of San Pablo Bay, 

and much of Suisun Bay. Headlands pro jec t  i n t o  t h e  water along 

the  western shore of t h e  Bay i n  t h e  v i c i n i t y  of t h e  Golden Gate. 
r: 

The eastern shore i s  bordered by marshlands and a low, gent ly 

sloping piedmont plain.  The Bay provides t h e  only sea-level 

break i n  t h e  coast  ranges. 

It has been estimated t h a t  i n  1850 there  were about 700 square 

miles of water surface i n  t h e  San Francisco Bay area, extending 

upstream t o  the  western border of t h e  Delta. Of t h i s ,  about 300 

square miles were marshlands, 250 square miles were shallow tid.e- 

lands, and about 150 square miles were deep channels. Since t h a t  

time a great  deal of t h i s  area has been reclaimed through f i l l i n g  

o r  i s o l a t i o n  (e.g., s a l t  evaporation ponds). Most of t h i s  recla-  

mation has been on marshlands. Now the re  a r e  only about 75 square 

miles of remaining marshlands, with about ha l f  of t h i s  i n  Suisun 

Marsh. There remains l e s s  than 4OO square miles of water sur face  

i n  t h e  Bay system (Smith, 1966, p. 29). 



FIGURE 111-3 1 
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Drainage i n t o  t h e  San Francisco Bay area  i s  c l a s s i f i e d  i n t o  two 

groups: (1) Sacramento-San Joaquin Delta; and (2) l o c a l  t r i b u t a r y  

streams. The Delta is  t h e  terminal point f o r  most of t h e  60,000 - 
.. . 

square-mile Central Valley drainage, roughly 40 percent of t h e  

t o t a l  a rea  of California.  This drainage input t o  t h e  Bay r e s u l t s  
P 

. A from combined e f fec t s  of prec ip i ta t ion ,  upstream regulat ion and 

use, and Delta export. Local drainage i n t o  the  Bay encompasses 

some 3500 square miles, and responds primarily t o  l o c a l  r a i n f a l l .  

Climate. The climate of t h e  Bay area is  r e l a t i v e l y  mild, w i t h  

year-round moderate temperatures. Meteorologic va r i a t ions  i n  t h e  

Bay area ( a s  with most of t h e  west coast)  a r e  a f fec ted  by t h e  

Pac i f i c  High, a high-pressure a i r  mass general ly  varying i n  loca- 

t i o n  from Alaska t o  Br i t i sh  Columbia. Its s p e c i f i c  loca t ion  

determines storm pat te rns  on the  west coast. P rec ip i t a t ion  i n  

t h e  Bay area,  generally l imi ted  t o  winter and ea r ly  spr ing  months, 

averages about 32 inches annually, with l o c a l  wide var ia t ions  from 
I .  

area  t o  area. The annual p rec ip i t a t ion  a l so  var ies  substant ' ia l ly  

from year t o  year. 

Wind pa t te rns  vary loca l ly ,  and respond t o  l o c a l  topography and 

proximity t o  the  Pac i f i c  Ocean. Higher winds and lower a i r  

temperatures occur inland where breaks i n  t h e  coast  ranges' f a c i i i -  

t a t e  the  inland flow of sea breezes. Winds a r e  generally from t h e  

west and northwest. Winter storms bring t h e  highest  ve loc i ty  

winds, while s t rongest  average winds occur i n  t h e  summer. 



Temperatures i n  t h e  Bay area  . have . a mean annual range of 54' t o  

62O~, with temperatures a s  low, a s  , f reez ing  and a s  high a s  about" 

100'~. Summer temperatures a r e  somewhat higher than winter 

temperatures. 

. 
Hvdrodynamics. San Francisco Bay i s  r e a l l y  t h r e e  l a r g e  connect- - . 

. 
ing  bays: San Pablo Bay, t h e  northern and cen t ra l  portion of t h e  

. . .. 
Bay, and t h e  south Bay. Without a fre:;hwatcr input othcr  than .. 

l o c a l  drainage, San Francisco Bay would be l i k e  a small extension 

of t h e  Pac i f i c  Ocean, subject  t o  da i ly  t i d a l  f luc tua t ions  with 

s a l i n i t y  concentrations much l i k e  those i n  the  ocean. 

However, San Francisco Bay is  more than jus t  an extension of t h e  

ocean. Drainage from the  Central  Valley flows through t h e  Bay 

i n t o  the  ocean, and i s  a l a r g e  and s ign i f i can t  freshwater input 

t o  t h e  Bay. This freshwater input, or  Delta outflow, has a 

s a l i n i t y  and densi ty  much l e s s  than t h a t  of seawater. S a l i n i t y  

gradients,  both longi tudinal  and v e r t i c a l ,  e x i s t  i n  t h e  estuary 

a s  a r e s u l t  of the  gradual mixing of freshwater with ocean water. 

The magnitude and geographical extent of these gradients depend 

on t h e  magnitude of Delta outflow. 

A s  previously discussed, t i d e s  play an important p a r t  i n  t h e  

hydraulics of t h e  Delta and Bay. S a l i n i t y  s t r a t i f i c a t i o n  through- * 

out the  estuary depends on a r e s u l t a n t  of the  competing forces  of - 
Delta outflow and t ides .  Under conditions of very high outflow, 

t h e  influence of freshwater i s  seen much f u r t h e r  toward t h e  ocean 

than under low-flow conditions. This l a r g e  fo rce  of freshwater 



causes two d i s t i n c t  s a l i n i t y  bands t o  form: an incoming " s a l t  

wedge" on t h e  bottom of the  channel, and an overlying and out- 

flowing freshwater layer ,  Under high outflow conditions, and 

through the  combination of incoming streamflow and t i d a l  mixing,, 

t h e  s a l i n i t y  i n  t h e  main portion of San Francisco Bay i s  some- 

what reduced. 

The South Bay responds much of the  year l i k e  a bay connected 

d i r e c t l y  t o  the  ocean without s ign i f i can t  freshwater input  except 

i n  years of high runoff i n  the  Sacramento River basin. This  is 

due t o  the  f a c t  t h a t  (1) l o c a l  drainage i n t o  t h e  South Bay is 

minimal most of t h e  time; and (2) freshwater Delta outflow does 

not influence areas  close t o  t h e  South Bay f o r  most of t h e  year. 

Therefore, the  South Bay is characterized by f a i r l y  uniform 

s a l i n i t y  concentrations and uniform hydraulic mixing caused by 

t i d a l  f luc tua t ions  and wind action. Of course, s a l i n i t y  gradients  

ex i s t  i n  t h e  immediate a rea  of l o c a l  freshwater inputs,  including 

wastewater treatment p lant  o u t f a l l s .  While t h e  South Bay does 

not exhibi t  two-layer estuar ine circulat ion.  it does have season- 

a l l y  reversing near-bottom and surface currents  (Conomos and 

Peterson, 1977). 

Sediments brought i n t o  the South Bay by t r i b u t a r y  streams tend t o  

s e t t l e  i n  areas  of low velocity.  These sediments a r e  resuspended 

by t i d a l  currents  and wind-caused wave action. I f  the  s a l i n i t y  

gradient i s  pronounced, i t  can r e s u l t  i n  density-induced circula-  

t i o n  which tends t o  r e c i r c u l a t e  sediments. These sediments a r e  'a 



l a r g e  source of n u t r i e n t s  f o r  aquat ic  l i f e .  The South Bay tends 

t o  c o l l e c t  sediments i n  winter: arid discharge them i n  summer. 

Over t h e  las t  several  decades, the"~ou th  Bay has been gradually 

l o s ing  sediment t o  t h e  r e s t  of San Francisco Bay. Seasonal . .. 

erosion of mud f l a t s  has been observed, with up t o  nine centimeters - 
eroded away i n  one summer month (Conomos and Peterson, 1977, p. 93) . . . 

Other f ac to r s  t h a t  might influence bay produci t iv i ty  a re  discussed 

i n  the preceding sec t ions  on phytoplankton and zooplankton. 

Delta Outflow Considerations. Testimony presented by the  Association 

of Bay Area Governments ( B A G )  emphasized the  l i k e l y  importance of 

Delta outflows t o  the  hydraulic and s a l i n i t y  regimes of the  San 

Francisco Bay system. 

Research recent ly completed ind ica tes  t h a t  Delta outflows s ign i f i -  

cant ly  a f f e c t  the s a l i n i t y  of San Francisco Bay and t h i s  e f f e c t  can 

be seen i n  the  extreme reaches of t h e  South Bay. This research a l s o  

ind ica tes  t h e  magnitude of outflows required t o  cause s a l i n i t y  

changes over c e r t a i n  areas  and how long these conditions remain. 

There a r e  two primary f a c t o r s  t h a t  lead  t o  the  conclusion t h a t  

Bay s a l i n i t y  and flow d i s t r i b u t i o n  may be af fec ted  by high Delta 

outflows. F i r s t ,  an a e r i a l  photograph published i n  1974 ".. .clearly 

showed a tongue of s i l t y  Sacramento River water flowing pas t  

Treasure I s l and  i n t o  the  South Bay" (Imberger e t  al, 1977, p. 1). 

Second, high Delta outflow causes a reduction i n  s a l i n i t y  of t h e  . 
c e n t r a l  por t ion  of San Francisco Bay, which i s  the  source of water 

f o r  South Bay t i d a l  exchange. During the winter  period, large- 

volume short-duration Delta outflows can cause freshwater t o  

penet ra te  wel l  i n t o  the  Central  Bay, where it i s  brought i n t o  the 



South Bay by t i d a l  exchange. Such events  cause s a l i n i t y  stratifi- 

ca t i on  i n  much of t h e  South Bay. The s a l i n i t y  s t r a t i f i c a t i o n  can 

p e r s i s t  f o r  s eve ra l  weeks o r  months fol lowing t h e  i n i t i a l  f resh-  

water  appearance (Imberger e t  a l ,  1977, pp. i, i i ) .  

The importance of t h i s  l i e s  i n  t h e  magnitude of De l t a  outflow 

requi red  t o  make s i g n i f i c a n t  changes i n  San Francisco Bay c i rcu la -  

t i o n  and s a l i n i t y  d i s t r i b u t i o n ,  and i n  t h e  eco log ica l  s i g n i f i c a n c e  

of such changes. An inc rea se  i n  outf low o f  about 10,000 c f s  o r  

g r e a t e r  f o r  a t  l e a s t  f i v e  t o  t e n  days apparen t ly  is  necessary  t o  

b r ing  about s i g n i f i c a n t  xalini1.y changes i n  San Francisco Bay as 

f a r  south  a s  t h e  San Bruno Shoal. (RT Vol. XXXIV, p. 125). Such 

a surge i n  Delta outf low i s  expected t o  cause a drop i n  s a l i n i t y  

of one o r  two p a r t s  per  thousand i n  t h i s  a r e a  (RT Vol. XXXIV, 

pp. 119 and 120).  Higher outflows cause l a r g e r  drops i n  s a l i n i t y .  

A similar surge of 40,000 cubic f e e t  pe r  second w i l l  cause t h i s  

f reshwater  t o  overflow i n t o  t h e  extreme sou th  end of t h e  Bay. 

The normal r a t e  at which s a l i n i t y  subsequently r e t u r n s  t o  t h e  Bay 

i s  two p a r t s  per  thousand pe r  month. Recovery i n  a t y p i c a l  wet 

year  w i l l  proceed throughout t h e  e n t i r e  summer. It genera l ly  t akes  

u n t i l  f a l l  f o r  t h e  South Bay t o  f u l l y  recover  from t h e  e f f e c t s  of 

t h e  previous  winter .  

The Bay appears t o  be extremely s e n s i t i v e  t o  t h e  amount of i n c r e a s e  

i n  Delta outf low ( t h e  amount of r i s e  t o  a peak) and no t  t o  t h e  dura- 

t i o n  of such peak flow. I n  addi t ion? e f f e c t s  of Delta outf low on t h e  



Bay depend a grea t  deal  on what happened previously. Increases 
\ '  

i n  Delta outflow have a more.,marked e f f e c t  on the  s a l i n i t y  of 

t h e  Bay.when these  increases  a re  p+eceded by a prolonged dry 

period than when they a r e  preceded by high outflow conditions 

(RT Vol. XXXIV, pp. 119 t o  121). 

The ecological benef i t s  of unregulated outflows and t h e  s a l i n i t y  

gradients  establ ished by them have been suggested t o  include t h e  

following: (1) a l t e r i n g  t h e  d i s t r i b u t i o n  and migrations of f ree-  

swimming organisms, (2)  c rea t ing  counter-currents moving upstream 

along t h e  bottom of t h e  Bay which a r e  hypothesized t o  be necessary 

f o r  the brackish water migration of ce r t a in  crabs and shrimps, and 

( 3 )  a f fec t ing  t h e  t ranspor ta t ion  of young anadromous f i s h  and main- 

t a in ing  adequate food suppl ies  (RT Vol. XXXIV, pp, 122-123). 

There is  current ly  not enough information t o  quan t i t a t ive ly  i d e n t i f y  

these  benef i t s  o r  i n  some cases even t o  v e r i f y  t h a t  such benef i t s  

do i n  f a c t  ex i s t .  The e f f e c t s  of unregulated flows on t h e  San 

Francisco Bay system cannot, however, be ignored simply because 

s u f f i c i e n t  knowledge t o  specify t h e i r  benef i t s  is not available.  

Further study i s  needed t o  i d e n t i f y  more closely the  e f f e c t s  

Delta outflow has on the  biology of Sar, Francisco Bay. 

Delta outflows t o  t h e  Bay, spec i f i ca l ly  high uncontrolled flows, 

have changed from h i s t o r i c a l  leve ls .  Figure 111-32 shows 

Delta outflow f o r  four  year  types (wet, normal, dry and c r i t i c a l )  

under d i f f e r e n t  conditions. The flows depicted a re  mean monthly 

flows; peak da i ly  flows during the  month could, of course, be much 



FIGURE 111-32- .' 

DELTA OUTFLOW UNDER DIFFERENT CONDITIONS 

WET YEAR (1940-41) 

UlSrnACAL 

DRY YEAR (M-44)  

WaRTAL YEAR (I,=-30) 

~ . ~ O l  

CRITICAL YEAR (1BS2-33) 

DELTA OUTFLOW to San Francisco Bay (1) as i t  actually occurred during four years prior to the construp- 
tion of the CVP and SWP (pre-project). (2) how i t  would have been i f  present levels of non-CVP and SWP 
related upstream developn~ent had occurred in those years and the CVP and SWP had not b8en constructed 
(wlthout project), (3) how i t  would have been i f  present levels of upstream use and Delta export occurred 
In those years and assuming that the CVP and SWP operated to the 1975 basin plans (1975 basln plan). 



higher than those shown. The co id i t ions  represented on t h e  figure 

are (1) h i s t o r i c a l  (pre-CVP and -SWP) conditions, (2) projected 'con- 

d i t i o n s  t h a t  would e x i s t  today (1980 l eve l )  i f  the  CVP and SWP had 

not been constructed, ( 3 )  expected conditions t h a t  would e x i s t  - 

today (1980 l eve l )  with the  CVP and SWP operating t o  t h e  1975 L 

basin plan ( ~ l t e r n a t i v e  I-B) and (4) expected conditions t h a t  would - . .  * 

e x i s t  today (1980 l eve l )  with the  CVP and SWP operating t o  the  

recommended plan ( ~ l t e r n a t i v e  IV). This discussion is  l imi ted  t o  

the  differences i n  the  first three  conditions. Chapter TT compares 

the  differences between conditions under the  1975 plan and condi- 

t i o n s  under the  recommended plan. 

For the  graphs shown i n  Figure 111-32 spec i f i c  hydrologic years  

were se lec ted  which represent  t y p i c a l  conditions l i k e l y  t o  e x i s t  

i n  each year  type. The s p e c i f i c  years  chosen t o  represent each 

year  type a re  those used by Kelly and Tippets (1977) i n  t h e i r  

report  on San Francisco Bay except f o r  the  c r i t i c a l  year. Kelly 

and Tippets se lec ted  the  1930-31 water year  which i s  i n  the d r i e r  

end of the  c r i t i c a l  year  range but, more importantly, is  followed 

by a below normal year. Figure V-4 of t h i s  report  shows the 

outflow and export r a t e s  f o r  operation t o  1975 plan "no act ionw . 

Alternative I-B versus the  recommended plan during a calendar . , 

year, r a t h e r  than a water year. Therefore, t o  make the  infoma- 
.. 

t i o n  of Figure 111-32 more comparable t o  t h a t  of Figure V-4, . 
water year  1932-33, which i s  followed by a c r i t i c a l  year, was used 

- - 
t o  represent a c r i t i c a l  year. 



Figure 111-32 'is based on (1) *estimated outflow conditions 

t h a t  occurred h i s t o r i c a l l y  i n  spec i f i c  years  shown p r i o r  t o  t h e  

o p e i o n  of t h e  CVP and SWP, (2 )  estimated Delta outflow had t h e  

CVP and SWP not been b u i l t ,  f r o m  Department Exhibit 11-12, (3 )  an 

operation study using the 1975 basin plan ( ~ l t e r n a t i v e  $143)' as t h e  

control l ing standards i n  the  Delta, from Department Ekhibi t  11-10. 

and (4) the  May 16, 1976 operation study of the  Department using 

the  March 1978 d r a f t  plan standards as the  cont ro l l ing  standards. 

These s tudies  a re  the  bes t  ava i lab le  information regarding a c t u a l  

o r  hypothetical  conditions t h a t  would e x i s t  i n  t h e  Delta. While 

the  assumptions contained i n  these s tud ies  can and should be 

refined, especia l ly  those used i n  preparing Department Eschibit 

11-12, usefu l  information can be drawn f r o m  these studies.  

Figure 111-32 shows t h a t  very high Delta outflows exis ted 

h i s t o r i c a l l y  i n  wet and normal years  and t h a t  average monthly flows 

i n  excess of 20,000 c f s  were not uncommon i n  dry years  and even i n  

some c r i t i c a l  years. With no CVP and SWP development i n  the  

Sacramento River and San Joaquin River basins, outflows would have 

been reduced below the  h i s t o r i c a l  l e v e l s  i n  most months. Exceptions 

occur i n  the  f a l l  of most years and the  e a r l y  winter  of drier years  

when outflows ac tua l ly  would have been higher than h i s to r i ca l .  

Decreases below h i s t o r i c a l  outflows may be a t t r i b u t e d  t o  non-project 

reservoi r  storage and non-project r e l a t ed  in-basin increases  i n  use, 

pr imari ly  by agricul ture .  Increases  above h i s t o r i c a l  outflow 

r e s u l t  from non-pro ject  reservoi r  storage releases ,  pr imari ly  f o r  , 

hydroelectric power production. 



Adding the e f f e c t s  of thq CVP ana SWP developments dramatically 
, , . .  L 

a l t e r s  h i s t o r i c a l  conditions,. ' pa r t i cu la r ly  i n  c r i t i c a l  years. 

The pro jec t s*  s torage and export  of 'water g rea t ly  reduce the 
. .. -. . 

magnitude of high flows. Current f a c i l i t i e s  can cont ro l  v i r t u a l l y  ... - 

a l l  of t h e  Delta inf low i n  most months i n  c r i t i c a l  years  s o  that ' 

8 

only water needed t o  meet standards and o ther  operat ional  commit- - .  . 
* 

ments flows t o  t h e  Bay. The environmental impact of such d r a s t i c  

reductions i n  uncontrolled flows t o  the  Bay due t o  pas t  water: . 

development decis ions is  not known. Future water development i n  

Cal i fornia  must recognize and be able  t o  determine what incremental 

- e f f e c t  those developmentswi l lhave  o n t h e  remainingunregulated 

flows and what the  environmental consequences w i l l  be on t h e  Bay. 

C. SOCIOECONOMIC FACTORS 

Delta Agriculture 

Environmental Set t ing.  The Delta covers an area of more than 

738,000 acres.  About 510,000 ac res  of t h i s  land i s  u t i l i z e d  by 

agr icul ture .  Because of i t s  unusual physical  s i t u a t i o n  the Delta 

area produces a d i v e r s i t y  of crops under a unique s e t  of manage- 

ment pract ices .  An understanding of s o i l  types and land elevations 

i n  r e l a t i o n  t o  water l e v e l s  i s  necessary t o  understand these 

management prac t ices .  



The Delta can be divided i n t o  t h e  Delta lowlands and t h e  Delta 

uplands. The uplands a r e  those  a r e a s  above t h e  f ive- foo t  mean sea 

l e v e l  contour whi le  the  lowlands a r e  those  a r e a s  below t h i s  con- 

tour .  Approximately one-third of t h e  Del ta  a r ea  i s  i n  t h e  uplands 

while almost two-thirds is  i n  t h e  lowlands. Figure  111-33 shows 

t h e  boundaries of t h e  lowlands and uplands. 

The s o i l s  i n  t h e  Delta lowlands a r e  of t h r e e  general  types: t h e  

organic o r  pea t  s o i l s ,  t h e  in termediate  organic s o i l s  and the. 

mineral  s o i l s .  Figure  111-34 shows t h e  d i s t r i b u t i o n  of t h e s e  

s o i l  types  i n  t h e  Delta lowlands. Although the  uplands conta in  

some organic  and intermediate  organic s o i l s ,  most of t h e  s o i l s  

a r e  mineral  s o i l s .  The organic s o i l s ,  which genera l ly  inc lude  

20 percent  o r  more organic matter ,  a r e  mainly i n  t h e  c e n t r a l  and 

western Delta and cover about 125,000 ac re s  (RT ~ 0 1 ~ x 1 1 1 ,  p. 23). 

These peat  and peaty muck (organic)  s o i l s  contain  p a r t l y  t h e  

remains of hydrophytes, such a s  reeds  and t u l e s ,  which have 

decomposed and accumulated f.or a t  l e a s t  t h e  l a s t  10,000 years. 

This depos i t  of organic s o i l s  i n  t h e  Delta is wedge shaped as 

t o  depth, wi th  the deep end, up t o  60 f e e t  deep, i n  t h e  west 

and t h e  shallow end i n  t h e  e a s t  (RT Vol. X I I I ,  pp. 25-26). 
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The peat s o i l s  undergo subsidence a s  a r e s u l t  of na tu ra l  processes 

hastened by agr i cu l tu ra l  ac t ivg t i e s .  Subsidence mechanisms include . .  . : ;  . , , ,  . . . 
. . 

biologica l  oxidation, compaction, wind erosion and i n  t h e  pas t  .. ..-- 

included burning of the  peat so i l s .  The r a t e  of subsidence i n  t h e  . - 
- - 

Delta peat s o i l s  t ape r s  off a s  t h e  organic matter disappears but 

i s  s t i l l  a s  much a s  one o r  two inches per year i n  some places 

(RT Vol. X I I I ,  pp. 27-29) . 

A s  a r e s u l t  of subsidence, pr imari ly  oxidation, the  t o t a l  a rea  

of organic s o i l s  has been decreasing. I n  the  ear ly  1940's a - 

s o i l  survey by t h e  Department of Agriculture showed more than 

250,000 acres  of organic s o i l s .  Now only about half  t h a t  acreage 

remains (RT Vol. X I I I ,  p. 31). 

The intermediate organic s o i l s  i n  t h e  Delta a r e  a blend of t h e  

organic and mineral s o i l s .  These general ly  have l e s s  than 20 

percent organic matter. -Some of thern, such as  those on Sherman 

Island, have-a t h i n  surface layer  of mineral s o i l  underlaid by 

organic s o i l s .  

The mineral s o i l s  i n  the  Delta a r e  mainly a l l u v i a l  s o i l s  with 

highly var iable  charac ter i s t ics .  I n  t ex tu re  these mineral s o i l s  
4 .  

range from permeable sands t o  slowly permeable clays. Some of t h e  - .. 

- 
clay s o i l s  a re  r e s t r i c t i v e  t o  water movement. Naintenance of ade- 

- * 

quate leaching and drainage a r e  of ten  problems i n  these  clayey - 
mineral s o i l s .  



Most of the  organic s o i l s  a re  a t  a lower elevat ion than the  water 

i n  the  surrounding Delta channels. Because of t h i s  these lowlands 

must be cont inual ly  drained. The drainage water is pumped back - 
i n t o  t h e  surrounding channels. . 

P 

Without regular  pumping of t h e  drainage water these  i s l ands  would 

be flooded. Often t h e  water t a b l e  is maintained only two o r  t h r e e  

f e e t  below the  s o i l  surface. A t  t h e  end of a cropping season it 

may be f i v e  f e e t  below the  surface. 

One problem r e s u l t i n g  from the  high water t a b l e  is t h e  d i f f i c u l t y  

it presents  t o  leaching pract ices .  Leaching, t h e  process of 

f lushing  s a l t s  from t h e  s o i l  column, i s  used t o  cont ro l  t h e  salts 

which accumulate i n  the  s o i l .  This accumulation of salts is $ 

r e s u l t  of both water removal by t h e  crop which leaves t h e  s a l t  

behind i n  t h e  s o i l  and evaporation of water from t h e  s o i l  which 

brings s a l t s  t o  t h e  surface where they remain a f t e r  t h e  water 

evaporates. 

Subirr igat ion is  the  predominate method of i r r i g a t i o n  used i n  t h e  

organic s o i l s  i n  the  Delta. In  sub i r r iga t ion  water is applied 

from beneath t h e  s o i l  surface r a t h e r  than on the  top. The area  

of subi r r iga ted  lands i s  shown i n  Figure 111-35. There a r e  severa l  

reasons f o r  the  use of sub i r r iga t ion  r a t h e r  than a more conventional 

surface i r r i g a t i o n  method. First,, sub i r r iga t ion  i s  r e l a t i v e l y  

simple and inexpensive. Second, t h e  subsidence which occurs i n  
. . 

t h e  organic s o i l s  is n o t  uniform, r e s u l t i n g  i n  uneven surfaces 
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which i n  tu rn  cause problems with most surface i r r i g a t i o n  methods. 

Third, the  very high permeability of t h e  organic s o i l s  makes . 
movement of water across t h e  surface of t h e  s o i l s  d i f f i c u l t  because 

J of t h e  s o i l s '  high i n f i l t r a t i o n  ra tes .  Sprinkler  i r r iga t ion ,  used 

i n  t h e  organic s o i l s  by a few operators, avoids t h i s  problem. 

However, use of spr inklers  s t i l l  requi res  control led maintenance 

of t h e  underlying water t a b l e  by drainage pumps. Also the'opera- 

t i o n  of sp r ink le r s  has high energy cos ts  and c a p i t a l  out lay (RT 

Vol. X I I I ,  p. 47). Subirr igat ion along with winter leaching has 

long been used on the  organic s o i l s  and i s  well  adapted t o  t h e  

area. 
. . I 

Subirr igat ion i n  t h e  Delta involves siphoning water from t h e  Delta 

channels i n t o  a "surfacew d i t ch  or canal, "4-f00t di tchw, which 

then d i s t r i b u t e s  the water t o  shallow "spudw ditches.  These spud 

di tches run  l a t e r a l l y  through t h e  f i e l d  t o  be i r r iga ted .  They 

a r e  about e ight  inches wide, from 25 t o  100 f e e t  apart ,  and a s  

much as  two f e e t  deep. They vary i n  length up t o  600 f e e t  and 

grea ter  (RT Vol. X I I I ,  p. 30; RT Vol. XIV, p. 190). Figure 111-36 

shows a typ ica l  cross-section f o r  sub i r r iga t ion  as  pract iced i n  

organic s o i l s  i n  the  Delta. 



T Y P I C A L  CROSS SECT\QN OF SUBIRRIGATION IN ORGANIC SOILS 
OF THE SACRAMENTO - SAN JOAQUIN DELTA. 

n SOURCE: FROM CENTRAL DELTA WATER AGENCY 
Exhibit  2 

\ SPUD 

I FARMED 

/ I  ( -4  IRRIGATION WATER FLOW 

I n  applying i r r i g a t i o n  water by subi r r iga t ion ,  t h e  spud di tches 

normally a r e  held nearly f u l l  u n t i l  su f f i c i en t  water has i n f i l t r a t e d  

o r  "subbed" across  t h e  area  t o  r a i s e  t h e  water t a b l e  t o  t h e  desired 

l e v e l  between the  spud ditches.  The term "subbed" r e f e r s  t o  t h e  

water which slowly moves l a t e r a l l y  and downward t o  r a i s e  t h e  water 

t a b l e  and i r r i g a t e  t h e  crop from below ( sub i r r iga te )  (RT Vol. X I I I ,  

p. 30). When potatoes a r e  grown, t h e  water i n  t h e  spud d i tches  and 

water t a b l e  i n  t h e  f i e l d  a r e  held a t  a  f a i r l y  constant l e v e l  through- 

out t h e  growing season. With other  crops, l i k e  corn, t h e  spud 

di tches a r e  f i l l e d  t o  r a i s e  t h e  water t a b l e  and wet t h e  crop roo t  

zone. After t h e  water t a b l e  has been ra i sed  t o  t h e  desired l eve l ,  

i r r i g a t i o n  ceases and the  drainage system takes over t o  cause the  

water t a b l e  t o  recede t o  t h e  l e v e l  determined by t h e  drainage 

pump se t t ing .  This i r r i g a t i o n  procedure i s  repeated several  times 



- 

t o  rewet t h e  crop roo t  zone a s  necessary during the  growing season. 

By i r r i g a t i o n  through t h e  spud di tches and adjustments of t h e  drain- 

age pumps, a  grower can c lose ly  control  t h e  depth of t h e  water 

t a b l e  i n  h i s  f i e l d .  This control  i s  a  major f a c t o r  i n  t h e  success- 

f u l  use of subi r r iga t ion  i n  the  Delta. . . .. 

The 1976 Delta crop survey submitted by the  Department shows t h a t  

t h e  major crops i n  t h e  organic s o i l s  a r e  w r n  (45$), grains  

(wheat and barley) (25%), and asparagus (7%). The leading crops 

i n  the  mineral s o i l s  a re  grains  (22$), corn (I?$), sugar beets (11$), 

tomatoes ( l l$) ,  and a l f a l f a  (11%). Other crops include pasture, 

beans, sorghum and various types of orchards (Department Exhibit 

11-18; UC Exhibit 11-5). 

Water Qua l i ty  Needs. Water q u a l i t y  is one of t h e  c ruc ia l  f a c t o r s  

f o r  a  v iable  a g r i c u l t u r a l  economy i n  t h e  Delta. Some of t h e  prob- 

lems t h a t  can r e s u l t  from use of poor q u a l i t y  water i n  an agricul-  

t u r a l  environment a re  problems r e l a t e d  t o  s a l i n i t y ,  s o i l  permeability, 

and t o x i c i t y  e f fec ts .  Other f a c t o r s  such as  excessive concentrations- 

of t r a c e  elements may a f f e c t  spec i f i c  crops. The most c r i t i c a l  

water q u a l i t y  f a c t o r  i n  the Delta is  s a l i n i t y .  
1 

The s a l i n i t y  of t h e  applied i r r i g a t i o n  water has a  d i r e c t  re la t ion-  

ship t o  the  qua l i ty  of the water i n  t h e  s o i l  solution. The 

University of California has attempted t o  ve r i fy  and quantify 

t h i s  r e l a t ionsh ip  i n  some f i e l d  experiments (RT Vol. X I I I ,  p. 17). 

Most of t h e  dissolved s a l t s  i n  the  applied i r r i g a t i o n  water remain 



i n  t h e  roo t  zone a f t e r .  t h e   at& is  consumptively used by t h e  

crop. A balance is des i rable  . . between t h e  salts which enter  i n t o  

t h e  s o i l  roo t  zone v i a  the  applied i r r i g a t i o n  water and those which 
. 

leave through t h e  drainage water. If s a l t s  accumulate, t h e  excess 

s a l t s  must be leached o r  f lushed out  of the  roo t  zone t o  maintain 
0 

t h i s  sal t  balance. 4 .  

Water Quality Needs i n  Delta Organic Soi ls .  With normal surface 

i r r i g a t i o n ,  roo t  zone s a l i n i t y  i s  control led by leaching which 

r e s u l t s  from deep percolat ion of a  port ion of the .appl ied  i r r i g a -  

t i o n  water. I n  t h e  Delta organic s o i l s  control  of s a l i n i t y  i n  t h e  

r o o t  zone is  complicated by t h e  sub i r r iga t ion  method of applying 

water and by t h e  high water table .  The normal a g r i c u l t u r a l  p rac t i ce  

i n  these s o i l s  includes winter leaching every one t o  th ree  years 

depending on the  crop grown, and, t o  some extent, a n  t h e  q u a l i t y  ... 

of water used f o r  i r r i g a t i o n .  . . 

The University of Cal i fornia  (UC) Guidelines f o r  In te rp re ta t ion  

of Water Quality f o r  Agriculture and the  I r r i g a t i o n  and Drainage 

Paper 29 of t h e  Food and Agriculture Organization of t h e  United 

Nations (FAO) (UC Exhibits 1 and 2) and testimony presented by . 

t he  U. C. Cooperative Extension provides a method f o r  determing 

the  crop y ie lds  expected with a  given applied water sa l in i ty .  

Total dissolved s o l i d s  and chlor ide concentration usual ly  have 

been used t o  evaluate s a l i n i t y  i n  t h e  Delta, but e l e c t r i c a l  



conductivityq/ is more c lose ly  r e l a t e d .  t o  t h e  osmotic e f f e c t s  which 

more d i r e c t l y  r e l a t e  t o  the  r a t e  of uptake of s o i l  water by t h e  

plant.  E l e c t r i c a l  conductivity was used by the  U. C. Cooperative 

Extension during i t s  testimony as t h e  most p r a c t i c a l  ind ica to r  of 

s a l i n i t y  impacts on agr icul ture .  

The guidelines s t a t e  t h a t  f o r  mineral s o i l s  and surface i r r i g a t i o n  

the  s a l i n i t y  of t h e  applied i r r i g a t i o n  water becomes concentrated 

about three  times i n  becoming the  s o i l  water which t h e  p lant  

ac tua l ly  uses. This can be wr i t t en  as: 

(equation 1 )  

where EC is  t h e  e l e c t r i c a l  conductivity of t h e  applied 
i r r i g a t i 8 n  water and ECsw i s  t h e  e l e c t r i c a l  conductivity 
of the  s o i l  water. 

The guidelines a l s o  show t h a t  the  s a l i n i t y  of t h e  s o i l  sa tura t ion  

ext rac t  i s  about one-half the  s a l i n i t y  of t h e  s o i l  water: 

(equation 2) 

where EC is  the  e l e c t r i c a l  conductivity of t h e  sa tura t ion  
ext rac t  8f the  s o i l .  

The guidelines a r e  based on t h e  assumption t h a t  a  15 percent leach- 

ing f r a c t i o n  occurs during i r r iga t fon .  The leaching f r a c t i o n  is 

the  f r a c t i o n  of t h e  water enter ing t h e  s o i l  which then passes 

beyond the  roo t  zone. However, t h i s  leaching f r a c t i o n  does not 

occur with subi r r iga t ion  i n  t h e  Delta organic s o i l s .  On t h e  bas is  

of f i e l d  inves t iga t ions  of subi r r iga ted  organic s o i l s  i n  t h e  Delta, 

the  s a l i n i t y  concentration of the  i r r i g a t i o n  water i s  apparently 

4/ E l e c t r i c a l  conductiv&ty (EC) , is  expressed i n  terms of millimhos 
per centimeter a t  25 C (mmho~/~m). 



increased from 5 t o  10 times r a t h e r  than t h e  three-fold concen- 

t r a t i o n  shown i n  equation 1 f o r  sur face  i r r i g a t i o n  (UC Exhibit 8).  
( 1 '  

The average value of 7.5 is  used as representat ive of t h e  5 to 10 

range and f o r  subi r r iga t ion .  Equations 1 and 2 can then be .. 

rewri t ten  and combined: 

(equation 3 )  

On page 24. of t h e  FA0 publ icat ion an equation is given f o r  t h e  

r e l a t ionsh ip  between crop y ie ld  (y) and the  s a l i n i t y  of  t h e  s o i l  

s a t u r a t i o n  (EC,) extract :  

Y = 100 - b (Ec, - a)  (equation 4) . 

where Y = r e l a t i v e  crop y ie ld  i n  percent 

EC, = s a l i n i t y  of s o i l  s a tu ra t io  n ex t rac t  

a = s a l i n i t y  threshold value f o r  t h e  crop, represent ing 
t h e  maximum ECe a t  which a 100 percent y ie ld  can be 
obtained 

b = y i e l d  decrement per  u n i t  of s a l i n i t y ,  o r  percent y i e l d  
l o s s  per u n i t  increase i n  s a l i n i t y  (EC ) between the  
threshold value (a)  and the  ECe value Pepresenting the  
100 percent y i e l d  decrement. 

The values f o r  "aw and "b" were determined from i n t e r p r e t a t i o n  of 

testimony and exh ib i t s  presented by U. C. Cooperative Extension. 

For corn, the  s a l i n i t y  threshold o r  "am value used is 1.7, and the  

'*bW value is  12.05. 

ECe from equation 3 can be subs t i tu ted  f o r  ECe i n  equation 4 which - • 

then becomes 

Y = 100 - b [(Ec, x v) - a]  (equation 5) 
.. . 



Using t h i s  equation, estimates of the  e f f e c t  of various q u a l i t i e s  

of water on crop y ie lds  can be made f o r  various crops grown under 

subi r r iga t ion  on the  organic s o i l s  i n  the  Delta. Thus, the  equation 

indica tes  t h a t  an applied water q u a l i t y  of 0.45 mmhos ECw is needed 

i n  order t o  obtain a 100 percent y i e l d  of corn on the  subi r r iga ted  

organic s o i l s  i n  the  Delta. Corn is  the  predominant crop i n  the  

organic Delta s o i l s .  Therefore, it is  reasonable t o  consider water ' 

qua l i ty  of 0.45 mmhos EC a s  t h a t  which i s  necessary t o  prevent y i e l d  

decrements on the organic so i l s .  

Water qua l i ty  of 0.45 mmhos EC represents  an average value of the  

applied i r r i g a t i o n  water over the e n t i r e  i r r i g a t i o n  season. Histori-  

ca l ly ,  water of t h i s  qua l i ty  o r  b e t t e r  was avai lab le  i n  the  i n t e r i o r  

Delta during most of the i r r i g a t i o n  season, a s  was discussed . 

e a r l i e r  i n  t h i s  chapter. 

The expected y i e l d  reductions f o r  corn can be determined by using ,, 

equation 5 with average values f o r  appl ied water qua l i ty  (EC,).. 

The relat ionship of theore t i ca l  y i e l d  decrement and average applied 

water qua l i ty  f o r  corn grown i n  the organic s o i l s  i n  the  Delta i s  

shown i n  Figure 111-37. 

.. . The s a l t  s e n s i t i v i t y  of most crops is not constant throughout"the 

growing season but va r i e s  with s tages  of growth. Corn appears t o  be 

more s a l i n i t y  sens i t ive  during the  emergence and e a r l y  seedling periods 

- than it i s  during the l a t e r  s tages  of growth (U.C. Exhibit 11-1, p.8; 

U.C. Exhibit 11-3). I n  the Delta organic s o i l s ,  crops can be g e r  

minated by the  s o i l  water moisture which i s  the  r e s u l t  of winter and 

spring ra in fa l l .  Thus, during the germination period and the  emer- 

gence period the crop would have avai lab le  t o  it s o i l  water very 

low i n  s a l i n i t y .  



FIGURE 111- 3,; 

RELATIONSHIP BETWEEN YIELD DECREMENTS FOR CORN (Zea mayq) 
GROWN ON SUBIRRIGATED LANDS AND SALINITY OF APPLIED 
IRRIGATION WATER. B 

a 

ELECTRICAL CONDUCTIVITY ( IN mm hos/cm ) 
OF APPLIED IRRIGATION WATER 



The subi r r iga ted  organic s o i l s  i n  the Delta a r e  v i r t u a l l y  impossi- 

b l e  t o  compare t o  surface i r r i g a t e d  mineral s o i l s  found elsewhere. 

There has been a l imi ted  amount of research done on these  organic 

s o i l s .  This l imi ted  information has allowed c e r t a i n  l o g i c a l  

assumptions t o  be made regarding water qua l i ty  needs i n  Delta 

organic s o i l s .  However, other  questions concerning t h e  movement 

of groundwater i n  the  Delta subi r r iga ted  s o i l s  (RT Vol. XX, pa 181) 

and water qua l i ty  requirements f o r  leaching and p re i r r iga t ion  s t i l l  

need t o  be answered. Because of these questions and t h e  uniqueness 

of these organic s o i l s  i n  the  Delta addi t ional  research is warranted. 

Water Quality Needs i n  Delta Mineral Soi ls .  Mineral s o i l s  a r e  

located i n  the  northern and southern portions of t h e  Delta. 

Because some leaching during i r r i g a t i o n  usual ly  occurs i n  these 

s o i l s ,  use of the  published U. C. Guidelines as a c r i t e r i a  f o r  

ag r i cu l tu ra l  water qual i ty  needed i n  these  areas  is  reasonahlq, , . 

These guidelines s t a t e  t h a t  water of l e s s  than 1.1 mmhos EC is 

needed i n  these mineral s o i l s  f o r  a crop l i k e  corn. However, 

beans have been grown h i s t o r i c a l l y  i n  t h e  southern Delta mineral 

so i l s .  The U. C. Guidelines recommend an applied water qua l i ty .  

of EC, = 0.7 f o r  t h i s  crop. The typ ica l  i r r i g a t i o n  season f o r  

beans i s  April through August. Other important crops i n  t h e  

southern Delta a r e  a l f a l f a ,  pasture  and sugar beets. These crops 

usual ly  require  water throughout t h e  year. Also, during a major 

portion of t h e  year, one area or another of t h e  southern Delta 

is  i n  the  seedl ing s tage  of growth (RT Vol. XIV, pa 86). I n  view 

of t h e  year-round demand f o r  i r r i g a t i o n  water, t h e  water q u a l i t y  

needs of t h e  southern Delta fos.months other  than April through 

August must be considered. 



S o i l  types i n  t h e  southernhDelta  ,range from sandy loam t o  s i l t y  

clay loam. Because of low permehbility and associated high water 

t a b l e  problems, some of these  mineral s o i l s  can be leached only 

during t h e  winter, between crops o r  during crop dormant periods. .- 

The frequency of leaching depends on both t h e  water management . 
and t h e  q u a l i t y  of t h e  water appl ied during t h e  i r r i g a t i o n  season. 

Crops i n  t h e  southern Delta which requi re  i r r i g a t i o n  water from 

September t o  April include a l f a l f a  and some other  crops still i n  

t h e  seedl ing stage,  The U, C a  Guidelines ind ica te  t h a t  a l f a l f a  

requi res  an applied water of 1.3 mmhos EC f o r  a 100 percent yield.  

Because of permeabili ty problems i n  the  southern Delta, water 

q u a l i t y  of b e t t e r  than 1.3 mmhos EC might be required. Also 

because some crops a r e  i n  t h e  seedl ing s tage during t h i s  period 

outs ide  of t h e  normal i r r i g a t i o n  season a water q u a l i t y  of 1.0 

mmhos EC would be reasonable. The ongoing research by the  U, C, 

Cooperative Extension i n  t h e  southern Delta may produce informa- 

t i o n  which w i l l  show a need f o r  f u t u r e  revis ion  of these  water 

q u a l i t y  c r i t e r i a .  

Municipal and Indus t r i a l  Uses of Water i n  the  Delta 

The only c i t i e s  i n  t h e  Delta re ly ing  d i r e c t l y  on Delta surface 

waters f o r  municipal suppl ies  a r e  Antioch, Pi t tsburg,  and Oakley. 

P i t t sburg  and Oakley obtain raw water suppl ies  from Rock Slough -* 

v ia  t h e  Contra Costa Canal. Antioch d ive r t s  p a r t  of i t s  water 
-. - 

supply d i r e c t l y  from t h e  San Joaquin River offshore from the  c i ty ,  
- 

and obtains  p a r t  from the  Contra Costa Canal. Sacramento maintains 



a standby diversion f a c i l i t y  on t h e  Sacramento River i n  t h e  ' 

upper Delta, but normally d i v e r t s  from two other  f a c i l i t i e s  on 

t h e  American River and Sacramento River upstream from the  Delta. 

The c i t i e s  of Stockton, T r a c H  Rio V i s t a ,  and o ther  Delta 

communities r e l y  on groundwater f o r  municipal water supplies. 

Delta indus t r i e s  a r e  located pr inc ipa l ly  i n  t h e  urban areas  of 

Antioch, Pi t tsburg,  Sacramento, Stockton, and Tracy. All major 

water-suing Delta indus t r i e s  dependent on Delta surface water 

supplies a r e  i n  t h e  Antioch-Pittsburg area  except f o r  American 

Crystal  Sugar Company located near Clarksburg. Other indus t r i e s  

u t i l i z e  l o c a l  groundwater or  water suppl ies  from municipal i t ies  

which do not obtain raw water from Delta channels. American 

Crystal  Sugar Company's diversion is located on t h e  Sacramento 

River, upstream from t h e  Delta Cross-Channel diversion a t  Walnut 

Grove. Therefore, it  i s  not expected t o  be s i g n i f i c a n t l y  a f fec ted  

by s a l i n i t y  in t rus ion  o r  operations of t h e  SWP and CVP export 

f a c i l i t i e s .  American Crystal  Sugar Company did not p a r t i c i p a t e  

i n  the  Delta hearing. 

Only those Delta c i t i e s  and indus t r i e s  located i n  eas tern  Contra 

Costa County a r e  dependent on Delta surface water supplies which 

would l i k e l y  be af fec ted  by s a l i n i t y  in t rus ion  and SWP and CVP 

operations. The sources of Delta water f o r  these  c i t i e s  and 

Tracy i s  current ly  constructing a water treatment p lan t  bhich 
is  expected t o  receive raw water suppl ies  from t h e  Delta v i a  
the  CVP' s Delta-Mendota Ca,?al,, I beginning i n  l a t e  1978. 
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indus t ies  a r e  l imi ted  t o  Rock.Slough, New York Slough, and t h e  

San Joaquin River offshore from.Antioch. The extensive use of 

exported Delta waters by c i t i e s  and indus t r i e s  located outs ide 

of t h e  Delta is described i n  t h i s  chapter i n  a l a t e r  sec t ion  

e n t i t l e d  Export and Water Transf er.  

Municipal Diversions. The c i t i e s  of Antioch, Oakley, and P i t t sburg  

a s  e n t i t i e s  were not represented i n  the  Delta hearing. However, 

Contra Costa County Water D i s t r i c t  (CCCWD), which suppl ies  r a w  

water diverted a t  Rock Slough t o  each of these c i t i e s  through 

t h e  Contra Costa Canal, par t ic ipa ted  i n  the hearing and presented 

testimony and exh ib i t s  regarding municipal water use and qua l i ty  

requirements (CCCWD Exhibit 17; RT Vols. XVI, XVII and XXX) . Only 

p a r t  of the  CCCWD se rv ice  area i s  located within the  Delta. 

Service by t h e  D i s t r i c t  t o  areas  outs ide t h e  Delta includes raw 

water suppl ies  t o  Pleasant H i l l  and Martinez and t r ea ted  water 

suppl ies  t o  Concord, Clayton, and p a r t s  of Walnut Creek, Pleasant  

H i l l  and Martinez. The Contra Costa Canal customers i n  1974, and 

t h e i r  canal and r i v e r  diversions,  a r e  l i s t e d  i n  Table 111-4. 

Contra Costa Canal is t h e  s o l e  source of municipal water f o r  t h e  

Oakley County Water D i s t r i c t ,  t h e  City of Pi t tsburg,  and t h e  Bay 

Water Company (West P i t t sburg  serv ice  area) ,  and is  an a l t e r n a t e  

supply f o r  t h e  City of Antioch when t h e  qua l i ty  of the San Joaquin 

River offshore supply is  inadequate. 



TABLE 111-4 

CONTRA COSTA CANAL CUSTOMERS 

River 
Diversion by Canal Total 
Customer Diversion Diversion 

Customer ( AF/YR) ( AF/YR) ( AF/PR) 

Oakley County Water 
District 

City of Antioch 4,900 1,800 6,700 

City of Pittsburg 0 5 , 000 5 000 

Bay Water Company 0 1,300 1,300 

Treated Water Division 16,900 15, $00 32,700 

Gregory Gardens County 
Water District 0 1,000 1,000 

City of Martinez 0 4, 400 4, 400 

Other Municipal Users - 4,800 4,800 

Industrial Users (3 ) 18, g00 32,900 51,800 

Agriculture - 4,400 4, 4.00 

TOTAL 40,700 74,000 114,700 

Source: Salinity Study Suisun ~ay/~elta by CH2M Hill, 
November 1976 p. VI-6 



Quality standards f o r  domestic' whter suppl ies  have been estab- 

l i shed  o r  proposed by t h e  S t a t e  &f Cal i forn ia  i n  T i t l e  22, 

California ~ d m i n i s t r a t i v e  co6e. ~ u i d e l i n e s  f o r  drinking water - . -  

q u a l i t y  a r e  s e t  f o r t h  i n  EPA Drinking Water Regulations pursuant 

t o  Public Law 93-523. Although higher values a r e  allowable, the  

recommended m a x i m u m  concentrations f o r  t o t a l  dissolved s o l i d s  

and chlor ides  a r e  500 m g / l  and 250 m g / l ,  respect ively.  Concentra- 

t i o n s  exceeding these  recommended l i m i t s  may be objectionable but 

would not be considered hazardous t o  health.  Consumer acceptance 

l i m i t s  have not  been establ ished.  However, const i tuent  concen- 

t r a t i o n s  lower than the  recommended l i m i t s  a r e  recognized a s  

des i rable  f o r  a higher degree of consumer acceptance. 

The 1976-77 drought brought about addi t ional  public hea l th  

concerns a t  t h e  Contra Costa Canal Intake.  These concerns 

center  on the  formation through t h e  water treatment process 

of small organic compounds ca l led  trihalomethanes, especia l ly  

bromoform, a s  s a l i n i t y  a t  t h i s  intake increases.  These com- 

pounds a r e  suspected cancer causing substances. 

The Environmental Protect ion Agency ( EPA) has proposed regulat ions 

r e l a t ed  t o  treatment processes t o  ensure t h a t  the proposed standard 

of 100 p a r t s  pe r  b i l l i o n  trihalomethanes i s  not exceeded i n  public - 
drinking supplies. Studies, p r inc ipa l ly  by the Contra Costa county 

- m 
Water D i s t r i c t ,  during the recent drought showed t h a t  a s  chloride 

concentrations a t  the  D i s t r i c t  treatment p lan t  increased above a 
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about 100 p a r t s  p e r  mill ion,  the trihalomethanes produced as a 

r e s u l t  of t h e i r  chlor inat ion process approached o r  exceeded t h i s  

standard. A s  seawater in t rus ion  increased, the  formation of these 

suspected carcinogens a l s o  increased. It i s  believed t h a t  bromide, 

a compound i n  seawater, and chloride ions  a r e  made react ive during 

the  chlor inat ion process. These react ive compounds a t t a c k  t h e  

na tura l ly  occurring organic mater ia l s  found i n  Delta waters t o  

produce trihalomethanes. 

EPA proposed regulat ions a re  bas ica l ly  a treatment technique 

requirement. They i n i t i a l l y  require  community water systems 

with populations g rea te r  than 75,000 people t o  use granular  

ac t iva ted  carbon i n  t h e i r  drinking water treatment systems by a 
' 

ce r t a in  date. EPA bel ieves t h i s  treatment i s  the  bes t  broad 

spectrum technology present ly  avai lab le  f o r  cont ro l  of organic 

chemicals i n  drinking water. Water systems demonstrating t h a t  

t h i s  treatment i s  not necessary t o  p ro tec t  the hea l th  of the people 

they serve may be granted a variance. Unless a water system is  

granted a variance, it w i l l  be required t o  design, construct,  and 

operate a granular ac t iva ted  carbon system o r  an approved al terna-  

t i v e  system t o  reduce the l e v e l  of synthe t ic  organic compounds t o  

the maximum extent  feas ib le .  Allaffected water systems w i l l  have 

two and one-half years  t o  comply with these regulations.  

I n  t h a t  the organic precursors t o  the  formation of trihalomethanes . 

a r e  na tu ra l ly  present i n  the  Delta, concern has focused on ocean 

derived s a l i n i t y .  The ex i s t ing  basin plan does not provide f o r  

water a t  the Contra Costa Canal Intake of s u f f i c i e n t l y  low s a l i n i t y  



f o r  over one-third of the  'year t o  meet EPAws proposed standard. 

Therefore under the  ex i s t ing  basin plans Contra Costa County 

Water D i s t r i c t  would be required t o  implement the  necessary 

treatment. The D i s t r i c t  i s  current ly  evaluating t h e  extent  
Z 

1 

of the  trihalomethane problem i n  the Delta, various a l t e r n a t i v e  

treatment processes, and o ther  means t o  meet EPAts proposed 
' -- 

regulation. Preliminary information suggests t h a t  i f  the tri- 

halomethane standard i s  revised downward ( a s  some expect)  the  

high organic content of Delta waters w i l l  require  extensive 

treatment f o r  organic compounds regardless  of s a l i n i t y .  The EPA 

regulat ion w i l l  require extensive treatment except i n  those a reas  

t h a t  can demonstrate t h a t  they do not face problems re la t ed  t o  

organic compounds i n  t h e i r  del ivered water. The Board does not 

believe t h a t  requir ing excel len t  s a l i n i t y  a t  a l l  municipal intakes 

is s u f f i c i e n t  t o  remove the  concern regarding organic chemicals 

i n  Delta drinking supplies. The Board w i l l  work c lose ly  with a l l  

agencies concerned with t h i s  problem t o  a s s i s t  them i n  ident i fy-  

ing  the extent  of t h i s  na tu ra l  water q u a l i t y  r e l a t e d  problem. 

I n d u s t r i a l  Diversions. A number of indus t r i e s  have located along 

the  south shore of the  San Joaquin River a t  l e a s t  i n  p a r t  because 

of the  a v a i l a b i l i t y  of water f o r  i n d u s t r i a l  use and wastewater dis- - . 
posal. Water use i n  1975 of eleven major indus t r i e s  each of which - .  
used a t  l e a s t  50,000 gal lons per  day i s  summarized i n  Table 111-5. 

? 



TABLE 111-5 
INDUSTRSAL WATER USE S W R Y  

1975 
(acre-feet pe r  year) 

Indus t r ia l  
Water User Product Water Use 
Crown Pulp and Boiler  
Zellerbach Paper Cooling 
Antioch Products Process 

Total 
E.I.DuPont Pigments Boiler  
Oakley Petrochemicals Cooling 

Fluorocarbons Process 
Total 

Fibreboard Pulp and Boiler  
Antioch Paper Cooling 

Products Process 
Total 

Hickmott Tomato Boiler  
Canning Products Cooling 
Antioch Process 

Total 
Kaiser Wall Boiler  
wP=l Board Cooling 
Antioch Process 

Total 
PCW Electric Boiler  
Antioch Parer Cooling 

Process 
Total 

Col l ie r  Ammonium Boiler  
Carbon and Phosphate Cooling 
Chemical F e r t i l i z e r s  Process 
Pit tsburg Total 
Dow Commercial Boiler  
Chemical Chemicals Cooling 
Pit tsburg Process 

Total 
Johns- Roofing Boiler  
Menrille Paper Cooling 
Pit tsburg Process 

Total 
PWE Electric Boiler  
Pit tsburg Power Cooling 

Process 
Total  

U. S. Steel  S tee l  Boiler  
Pit tsburg Products Cooling 

Process 
Total  

Water Source 
Contra Treated 

Offshore Ground Costa B h i c i p a l  
Diversions Water Canal SUDD~V Total  

*NOTE: Paranthesee indicate assumed breakdown of water use where industry could not furnish these data. 

REFERENCE: Sal in i ty  Study Suisun Bay (Delta) Prepal-ed f o r  U. 9. A m y  Corpa of Engineers, San Fr~nc ioco  
M s t r i c t ,  by CH$4 H i l l ,  November 1976. 

The i ndus t r i e s  located i n  t h e  Antioch-Pittsburg area depend almost 

exclusively on Delta surface waters f o r  t h e i r  water supplies. 

These indus t r ies  have th ree  possible  Delta water sources: 

1. Water diverted d i r e c t l y  from t h e  San Joaquin River o r  New 

York Slough, u t i l i z i n g  ' t h e  indus t r i e sT  own pumping 

f a c i l i t i e s .  



2. Raw water purchased frordiCCC6JD conveyed from Rock 

Slough v i a  t h e  Contra Costa Canal, o r  i n  t h e  P i t t sburg  

area, pumped from Mallard Slough a t  the  D i s t r i c t 8  s 

pumping plant.  

3 .  Treated water purchased from municipal purveyors who 

obtain t h e i r  r a w  water from the  Contra Costa Canal, 

o r  i n  the  case of Antioch, from e i t h e r  Contra Costa 

Canal o r  a San Joaquin River diversion. 

I n  1975 a l l  i n d u s t r i e s  except P M E  used some water from the  Contra 

Costa Canal e i t h e r  d i r e c t l y  o r  a f t e r  treatment by municipal water 

systems. Ool l ie r  Carbon and Chemical i n  P i t t sburg  used water from 

New York Slough f o r  p a r t  of t h e i r  cooling purposes and r e l i e d  on 

Contra Costa Canal water f o r  process water and the  remaining 

cooling use. Dow Chemical, Johns-Manville, Crown Zellerbach, 

and Fibreboard were t h e  only indus t r i e s  using offshore suppl ies  

f o r  process uses. 

The PG&E powerplants a t  both Antioch and P i t t sburg  use l a r g e  

q u a n t i t i e s  of water f o r  once-through cooling. Since these  uses 

a r e  not a f fec ted  subs tan t i a l ly  by s a l i n i t y  changes, they w i l l  not 

be discussed further. PG&E did not p a r t i c i p a t e  i n  t h e  Delta 

hearing. 

- .I 
The th ree  general  categories  of i n d u s t r i a l  water use a r e  bo i l e r  

feed water f o r  steam production, cooling water, and process water. 

S a l i n i t y  water q u a l i t y  c r i t e r i a  f o r  bo i l e r  feed water and cooling 



water a r e  given i n  Table '111-6. A s  indicated i n  t h e  table ,  t h e  

c r i t e r i a  vary with b o i l e r  operating pressure and cooling system 

design. Detai ls  concerning these  elements of t h e  i n s t a l l a t i o n s  

a t  each of the eastern Contra Costa County indus t r i e s  is  not  

generally available.  

. . 

C r i t e r i a  f o r  i n d u s t r i a l  process water cannot be generalized because 

requirements vary f o r  d i f f e ren t  types of indus t r i e s  and d i f f e r e n t  

processes within each industry. Process waters can be used f o r  

incorporation i n t o  the  product, washing, fluming, r insing,  quench- 

ing, or  re tor t ing .  Many indus t r ies ,  recognizing the  varying water 

qua l i ty  requirements f o r  d i f f e r e n t  processes, conserve water by 

successive uses of spent water from one process i n  another process 

with l e s s  r e s t r i c t i v e  qua l i ty  requirements. A general idea of t h e  

nature of indus t ry ' s  concerns f o r  process water q u a l i t y  may be 

obtained from surveys of western Delta indus t r i e s  conducted by 

CCCWD and t h e  Department (CCCWD Exhibit 17). The s a l i n i t y  c r i t e r i a  

from these surveys a r e  shown i n  Table 111-7. 

The Crown Zellerbach and Fibreboard paper m i l l s  near Antioch were 

t h e  only Delta indus t r i e s  which supplied s p e c i f i c  information on 

t h e i r  water requirements during t h e  Delta hearing. Two other  Delta 

indus t r ies ,  U. S. Stee l  and Johns-Manville, pa r t i c ipa ted  i n  the  

hearing preceding Decision 1379 but did not  p a r t i c i p a t e  i n  t h e  

current hearing. The following discussions f o r  these indus t r i e s  

have been abstracted from information i n  t h e  respect ive hearing 

t r a n s c r i p t s  and exhibi ts .  



TABLE 111-6 

SALINITY WATER Q U Q T T Y  CRITEZtIA 

Requirements f o r  Boiler" Feedwater 

Values i n  m g / l  

I n d u s t r i a l  U t i l i t i e s *  
low Pres- Intermediate High Pres- 
sure  0 t o  Pressure 150 sure  700 t o  1500 t o  

Constituent 150 P S ~ R  t o  700 ps ig  1500 ps ig  5000 ps ia  

Dissolved 
s o l i d s  

Chloride (Cl) (1) 

* Qual i ty  of water p r io r  t o  t h e  addi t ion of substances used f o r  
i n t e r n a l  conditioning. 

(1) Accepted as received ( i f  meeting t o t a l  s o l i d s  o r  o the r  l i m i t i n g  ..' 

values);  has never been a problem a t  concentrations encountered. 

(2) Controlled by treatment f o r  other  const i tuents .  

Requirements f o r  Cooling Water 

Values i n  m g / l  

Tvpe of Coollnn 
Onc e-Throu Recirculation Make-up 

Constituent Fresh Eack i sh ' l )  Fresh Brackish (1) 

Dissolved so l ids  1,000 35,000 500 35,000 . 
Chloride ( ~ 1 )  600 19,000 500 19,000 

- " 

(1) Water with TDS 1,000 m g / l  

Source: Taken from CCCWD Exhibit  17  and CH2M H i l l  S a l i n i t y  Study 
1976 



WATER QUALITY CRITERIA AT POINT OF USE 
FOR PRODUCT AND PROCESS 

(Results of Surveys) 

Values i n  m g / l  

- A -  

Food (Bleached Primarv 
Constituent (Caking)  Kraft) ~ e t a l s "  Chemical 

D* D* D* IF 

Total 
Dissolved so l ids  

Chloride ( C l )  

*Data shown as: desired l e v e l  ( D )  and tolerance l e v e l  (T) 

Source: CCCWD Exhibit 17 



Crown Zellerbach Corporat4on operates a paper m i l l  on t h e  south 

shore of t h e  San Joaquin River i n  Contra Costa County e a s t  of 
8 # *  

Antioch. The m i l l  was  c o n s t k c t e d  i n  1956 and has operated 

continuously since. The primary source of f i b e r  i s  recycled 

wastepaper. The m i l l  uses about 150,000 tons  of it annually. 

However, some pulp i s  brought i n  a l s o  from other  paper m i l l s  which 

have pulping capabi l i t ies .  The severa l  paper grades produced a r e  

converted i n t o  corrugated boxes, towels, t issue,  and napkins. 

Approximately 12.5 mi l l ion  gal lons per day (MGD) of w a t e r  a r e  

required f o r  processing and cooling i n  the  manufacture of several  

grades of paper. 

About 60 percent of t h e  m i l l ' s  production i s  l inerboard from which 

corrugated boxes a r e  fabricated.  These boxes can be used f o r  

packaging and s t o r i n g  canned goods. However, corrosion r a t e s  of 

canned goods which have been i n  contact with l inerboard contain- 

ing  more than 500 ppm sodium chloride a r e  unacceptable. There- 

fore,  customers who purchase t h i s  l inerboard requi re  t h a t  t h e  

sodium chloride content i n  t h e  paper not exceed 500 ppm. Corrosion 

t e s t s  conducted by Crown Zellerbach under simulated s torage condi- 

t i o n s  have ve r i f i ed  t h e  reasonableness of t h e  customers* sodium 

chloride requirement. Operating experience has shown t h a t  t h e  

sodium chloride l i m i t  i n  t h e  f in ished  product w i l l  be exceeded 

when t h e  chlor ide concentration of t h e  process water i s  grea ter  

than 150 m g / l .  The sa l t - sens i t ive  l inerboard i s  produced on t h e  

l a r g e s t  of t h e  m i l l ' s  four  paper machines and requi res  about 4 t o  

5 MGD a s  process water. Three smaller machines produce paper 

which is  not considered sa l t - sens i t ive .  



The Crown Zellerbach m i l l '  has two sources of water supply. One 

source is t h e  San Joaquin River from which water is  pumped j u s t  

offshore from the  m i l l  property. An a l t e r n a t e  supply is water 

purchased from CCCWD and delivered v ia  t h e  Contra Costa Canal. 

Because Contra Costa Canal water cos ts  more than water pumped 

d i r e c t l y  from t h e  r ive r ,  t h e  m i l l  uses t h e  r i v e r  supply f o r  a l l  

cooling water needs and, when water q u a l i t y  permits, f o r  process 

waters. Under normal operations, the process water supply is 

switched over t o  the  Contra Costa Canal when the  chlor ide concen- 

t r a t i o n  of t h e  r i v e r  water exceeds 150 m g / l .  Crown Zellerbach 

has a l imited a b i l i t y  t o  blend the  two water suppl ies  t o  maintain 

su i t ab le  process water q u a l i t y  when the  ch lo r in i ty  of t h e  Contra 

Costa Canal water i s  s i g n i f i c a n t l y  below 150 pprn and t h e  r i v e r  

ch lo r in i ty  is not g rea t ly  i n  excess of 150 ppm. If sa l t - sens i t ive  

grades of paper a r e  not produced, the  m i l l  can continue on t h e  

r i v e r  supply. 

During s ign i f i can t  port ions of 1976 and 1977 the ch lo r in i ty  of 

both the San Joaquin River and Contra Costa Canal water supplies 

exceeded 150 m d l .  I n  order t o  continue f u l l  production during 

these periods, Crown Zellerbach implemented several  changes i n  

normal operations: 

o Capital  expenditures of about $100,000 allowed a 

reduction i n  water usage from 8000 gal lons per ton 

of product i n  November 1776 t o  4500 gallons per ton 

by June 1977. 



o By using demineralized water t o  reduce the  s a l t  

content of the  paper as it w a s  being formed on the  

machine, acceptable q u a l i t y  sa l t - sens i t ive  paper 

was manufactured even though chloride concentration 

of t h e  process water was  a s  high as 250 m g / l .  

o If sodium chloride content of sa l t - sens i t ive  paper 

w a s  grea ter  than 500 ppm t h e  paper was e i t h e r  r e j ec ted  

or,  i f  possible,  diver ted i n t o  use f o r  a non-salt- 

s e n s i t i v e  grade. 

(RT Vol.. XXX, pp. 91-92). 

Crown Zellerbach emphasized t h a t  these procedures could not be 

maintained on a continuous ongoing basis. The ex i s t ing  deminerali- 

zat ion un i t ,  f o r  b o i l e r  feed water supply, has a design capacity 

of about 200 gal lons per minute. The modified procedures required 

t h a t  the  u n i t  be operated a t  250 ga l lons  per minute and continuously 

maintained i n  the  bes t  possible  condition. 

The Fibreboard San Joaquin Division is  a l a r g e  k r a f t  paper m i l l  

located on t h e  south shore of t h e  San Joaquin River approximately 

f i v e  miles eas t  of Antioch. The m i l l  began operation i n  1949 and 

has operated continuously since.  Between 16 and 20 MGD of water 

i s  used i n  t h e  production of approximately l50,OOO tons  of l iner -  

board, 90,000 tons of corrugating medium, and 60,000 tons of food 

board annually (RT Vol. XVII ,  p. 135). Unlike t h e  nearby Crown 

Zellerbach m i l l ,  Fibreboard's predominant raw mater ial  i s  pulp 

produced from wood chips. 



Linerboard produced a t  t h e  Fibreboard m i l l  i s  a l s o  a s a l t - s e n s i t i v e  

product because of pos s ib l e  cor ros ion  when it i s  used i n  corrugated 

boxes f o r  canned goods s torage.  Fibreboard a l s o  r e q u i r e s  process 

water  wi th  not  more than 150 m g / l  ch lo r ide  f o r  t h e  production of 

t h e  s a l t - s e n s i t i v e  l ine rboard .  

Fibreboard has two main sources of water.  One source  is  t h e  San 

Joaquin River from which water  is pumped d i r e c t l y  j u s t  offshore  

from t h e  m i l l  property.  An a l t e r n a t e  supply is  water  purchased 

from CCCWD which conveys water  from Rock Slough v i a  t h e  Contra 

Costa Canal. A t h i r d  source, r e l a t i v e l y  minor i n  valume, is  

groundwater which i s  used only  f o r  domestic purposes and a 

p a r t i c u l a r  process r e q u i r i n g  cold water.  Tota l  groundwater u se  

from two w e l l s  i s  between 500,000 and 800,000 ga l lons  pe r  day. 

Water i s  reused seve ra l  t imes i n  var ious  processes  involved i n  

paper manufacturing. Incoming watcr  is  used f o r  cool ing b e f ~ r e  

being used a s  process water.  Normally, water  from t h e  San Joaquin 

River o f f shore  supply i s  used f o r  process water  u n t i l  t h e  ch lo r ide  . 

i on  concentra t ion of t h e  r i v e r  water  exceeds 125 m g / l .  A t  t h a t  

concentra t ion c l a r i f i e r s  No, 2 and 3 ,  which d e l i v e r  approximately 

5.5 MGD of process water  f o r  s a l t - s e n s i t i v e  paper production, a r e  

switched over t o  t h e  Contra Costa Canal water  supply. However, 

c l a r i f i e r  No. 1, which has a r a t e d  capac i ty  of 10.5 MGD, cont inues  

t o  u se  only  t h e  o f f shore  supply u n t i l  t h e  c h l o r i n i t y  reaches 250 

m d l .  Fibreboard then blends canal  water  wi th  r i v e r  water  t o  

maintain a maximum ch lo r ide  concent,ration of 250 m g / l  as an  operat- 

i ng  l i m i t  f o r  process water.  



When t h e  ch lo r ide  concentra t ibn o f ' t h e  Contra Costa Canal water  
I 

exceeds 150 m g / l ,  demineralized water from t h e  b o i l e r  f eed  water . 

supply i s  blended wi th  t h e  process  water  t o  maintain t h e  c h l o r i n i t y  

of process water  f o r  s a l t - s e n s i t i v e  paper production a t  no g r e a t e r  

than 150 m g / l .  The demineral izer  capaci ty  i s  about 1500 ga l lons  

pe r  minute. A s  t h e  ch lo r ide  l e v e l  of t h e  supply water  increases ,  

t h e  quan t i t y  and q u a l i t y  of demineral izer  output  decreases  and 

d e t e r i o r a t i o n  of t h e  i o n  beds increases .  

Because of l i m i t a t i o n s  on t h e  demineral izer ' s  c a p a b i l i t y  a t  high 

ch lor ide  l e v e l s ,  s u f f i c i e n t  b o i l e r  feed water ( l e s s  than 250 m g / l  

chlor ide)  cannot be provided t o  maintain t h e  requi red  steam r a t e  

f o r  t h e  m i l l  (RT Vela XVII , pp. 152-153) . Fibreboard be l ieves  

t h a t  c h l o r i n i t i e s  between 200-250 m g / l  are t h e  upper l i m i t  f o r  

continued production of s u f f i c i e n t  demineralized water f o r  blend- 

i n g  t o  produce s a l t - s e n s i t i v e  paper. Fibreboard has l imi t ed  

c a p a b i l i t y  w i th in  i t s  own convert ing opera t ions  f o r  u se  of high 

ch lor ide  l i ne rboa rd  on only t h e  ou ts ide  su r f ace  of t h e  corrugated 

box. This c a p a b i l i t y  probably i s  l imi t ed  t o  use  of s eve ra l  daysv 

production. 

Dow Chemical Companv d i d  no t  p resen t  information on cur ren t  water  

requirements dur ing  t h e  hearing,  but d id  in t roduce testimony and .- 
e x h i b i t s  from t h e  Decision 1379 hearing.  The Dow Chemical p lan t ,  

. . 
l oca t ed  on New York Slough between t h e  c i t i e s  of Antioch and . 
Pi t t sbu rg ,  d iver ted  approximately 35,000 acre-feet  (22,000 ga l lons  

pe r  minute) on a continuous bas i s  f m m  New York Slough f o r  cool- 

i n g  and process waters  (hear ing preceding Decision 1379,. RT 

111-158 
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Vol. XXXI, pp. 3292-3371; Dow Exhib i t  502). An a l t e r n a t e  water  

supply from t h e  Contra Costa Canal w a s  a v a i l a b l e  f o r  n c r i t i c a l  

water use" when t h e  of f shore  supply exceeded a ch lor ide  concen- 

t r a t i o n  of 160 m g / l .  The supply from t h e  Contra Costa Canal was 

l im i t ed  t o  only 2000-2500 ga l lons  pe r  minute by e x i s t i n g  d ivers ion  
I '  

f a c i l i t i e s  and by con t r ac t  with CCCWD. The " c r i t i c a l  water  usew 

requirement of 160 m g / l  ch lo r ide  concentra t ion w a s  t h e  l e v e l  

above which production of chemically pure water  f o r  var ious  

processes wi th in  t h e  p l an t  was not  economical. The maximum u s e  

of t h i s  chemically purewater, as indicated,  w a s  approximately 

1800 ga l lons  per minute during 196f3 (hear ing preceding ~ e c i s i o n  

1379, DOW' Exhibi t  502). When c h l o r i n i t y  exceeded 1000 m g / l ,  

o the r  p l a n t  operat ions  a l s o  became uneconomical and on a long- 

term bas i s  equipment would be damaged. A water  supply with.3500 

m g / l  ch lor ide  concentra t ion was considered t o  be a max imum f o r  

use  of water  a s  b r ine  makeup. Chloride i t s e l f  a c t u a l l y  is  np t  

p re sen t ly  a problem i n  t h e  b r ine  makeup but  i s  used t o  measure 

o ther  contaminating cons t i t uen t s  such as magnesium and calcium 
1 .. . 

which a r e  p resen t  i n  proport ion t o  chlor ides .  A comparison of t h e  

information presented by Dow i n  19'70 with  t h e  summary o f .  1975 

water use  i n  Table 111-5 i n d i c a t e s  a s i g n i f i c a n t  change i n  t h e  

use  of water  a t  t h e  Dow f a c i l i t y .  Total  water  u s e  w a s  reduced 

from 35,000 t o  about lt,OOO acre-feet  per  year and a g r e a t e r  

r e l a t i v e  dependence on t h e  Contra Costa Canal supply w a s  evident  

as it represented over 38 percent  of t h e  t o t a l  supply i n  1975. 

Information i s  no t  ava i l ab l e  t o  i d e n t i f y  t h e  reason f o r  t h e s e  

changes. 



! ;  

U. S. S t e e l  presented testimony ,Zn 1970 regarding water use a t  

i ts  s t e e l  processing f a c i l i t i e s  located on t h e  south shore of 

New York Slough between P i t t sburg  and Antioch. Water was  diverted 

from New York Slough f o r  cooling uses, and seasonally, f o r  process 

water i n  t h e  Wire M i l l .  New York Slough diversions were approxi- 

mately 14,000 acre-feet  i n  1969. Contra Costa Canal water w a s  

used f o r  process water i n  t h e  Sheet and T i n  M i l l ,  t he  Morgan Rod 

M i l l ,  t h e  Pipe M i l l ,  and f o r  bo i l e r  f e e t  water supply (hearing 

preceding Decision 1379, RT Volm XXX, pp. 3175-3246). 

If process water with a chlor ide concentration exceeding 250 m d l  

i s  used i n  t h e  Rod and Wire Mills, a s t r e s s  type corrosion known 

a s  hot-short cracking develops on t h e  surface of t h e  s t e e l .  

Therefore, when t h e  water i n  New York Slough reaches t h e  250 m d l  

chloride concentration, Contra Costa Carla1 water is  used f o r  a l l  

process water suppl ies  and New York Slough water is  then used only 

f o r  cooling purposes. Table 111-5 shows t h a t  U. S. S tee l  did not 

d ive r t  from New York Slough i n  1975, but used 11,500 acre-feet of 

water from the  Contra Costa Canal and c i t y  supplies.  

Johns-Manville Products Corporation presented testimony i n  1970 

concerning water use a t  i ts  p lant  located on New York Slough i n  

t h e  City of P i t t sburg  (hearing preceding Decision 1379, RT Vol. 

28, pp. 3098-3140). Products manufactured a t  the  Johns-Manville 

P i t t sburg  p lant  i n  1970 included asbestos roofing papers, asphal t  

roofing, asbestos cement sheets,  shingles  and other  miscellaneous 

products. The estimated water use f o r  1970 was 800 acre-feet of 

which approximately 270 acre-feet was used f o r  cooling and process 



water i n  t h e  paper m i l l  and 88 acre-feet  w a s  used f o r  b o i l e r  f e e d  

water  supply. Maximum c h l o r i n i t y  l e v e l s  determined f o r  t h e  b o i l e r  

supply and t h e  paper m i l l  supply were 200 m g / l  and 600 m g / l ,  ' 

respec t ive ly .  New York Slough w a s  t h e  source  f o r  t h e  e n t i r e  water  
f 

supply u n t i l  t h e  c h l o r i n i t y  l i m i t s  were reached. An a l t e r n a t e  
L 

v supply purchased from t h e  Ci ty  of P i t t s b u r g  was then used f o r  t h e  

b o i l e r  feed  water  and paper m i l l .  F a c i l i t i e s  were no t  a v a i l a b l e  

t o  ob ta in  water d i r e c t l y  from t h e  Contra Costa Canal. Table 111-5 

. . i n d i c a t e s  1975 water  use of 340 acre-feet  from New York Slough and 

140 acre-feet  from t h e  c i t y  suppl ies .  

Export and Water Transfer  

Phvsical  F a c i l i t i e s  i n  t h e  Delta. Water is d ive r t ed  from t h e  Delta 

f o r  export  a t  Contra Costa Canal In t ake  of  t h e  CW on Rock Slough, 

Tracy Pumping P l an t  of CVP, t h e  Delta Pumping P l a n t  of  SWP, and 

t h e  Ci ty  of Val le jo  Pumping P l a n t  on Cache Slough. Export whter 

i s  d ive r t ed  by t h e  CVP and SWP from uncont ro l led  f lows reaching .. 

t h e  Delta and win te r  runoff  which has been s to r ed  i n  var ious  

r e s e r v o i r s  f o r  subsequent r e l e a s e  and l a t e r  d ive r s ion  from t h e  

Delta when n a t u r a l  runoff  i s  low. The s t o r e d  water  from t h e  

ISnc~.amc~~ t.o R i v c r  1,n:::i. I I i :: t,ransf c-rrad predominantly ac ros s  t h e  
., ... 

Delta i n  n a t u r a l  channels. To f a c i l i t a t e  t h i s  t r a n s f e r ,  t h e  Delta . .. Cross Channel w a s  const ructed near  Walnut Grove t o  connect t he '  

. - Sacramento River and Snodgrass Slough, a  t r i b u t a r y  of t h e  Mokelumne 

River. The channel i s  designed t o  convey approximately 3500-4.000 

c f s ,  al though higher  o r  lower f lows can occur depending on t h e  

d r iv ing  f o r c e  of Sacramento River flows. Water from t h e  Sacramento 

River i s  a l s o  t r a n s f e r r e d  through Georgiana Slough immediately 

downstream from Walnut Grove. 
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Department s tud ies  ind ica te  t h a t  flows i n  Georgiana Slough and 

the  North Fork Mokelumne River merge and f low both eastward 

toward Terminous and southward down Old River t o  t h e  export pumps. 

A t  Terminous, t h i s  flow i s  joined by t h e  smaller downstream flow 

i n  the  South Fork Mokelumne River. The combined flow then moves 

southward i n  L i t t l e  Potato Slough and contirlues toward the  San 

Joaquin River v i a  t h e  channels of L i t t l e  Potato and White Sloughs, 

using L i t t l e  Connection Slough, Honker Cut, and Disappointment 

Slough. Water a r r i v i n g  a t  t h e  San Joaquin River v ia  these channels 

begins a slow net  eastward movement toward and i n t o  Turner Cut 

(~epar tment ,  1967, p. 60; Department Exhibit 11-2, p. 5 ) .  

Some of t h e  water flowing down t h e  San Joaquin River from t h e  

v i c i n i t y  of Stockton joins  t h e  Sacramento River water flowing 

i n  Turner Cut. The southwesterly flow i n  Turner Cut t r ave l s  

through Empire Cut and i n t o  Middle River, thence southward t o  

Old River v i a  the  th ree  canals on the  north and south s ides  of 

Woodward and Victor ia  Islands.  About one-third of the  flow moves 

through each canal. Based on dye s tud jes  under t h e  conditions of 

flow and diversion a t  t h a t  time (1963), t r a v e l  time f o r  t h e  50 

miles between Walnut Grove and t h e  Tracy Pumping Plant  was about 

19 days. 

* ' 

The CVP h-acy Pumping Plant  l i f t s  water 197 f e e t  i n  elevation f o r  a 

conveyance t o  t h e  San Joaquin Valley v ia  the  Delta-Mendota Canal. 
* .. . 

It has f i s h  screens and salvage f a c i l i t i e s  which were designed t o  

reduce t h e  number of f i s h  diverted in to  t h e  canal and t o  r e tu rn  



salvaged f i s h  t o  the  waters of t h e  Delta. The s ix  pumps a t  t h e .  
- 

Tracy Pumping Plant  have a combined capacity of about 4.600 c f s  

(Bureau Exhibit 63) . 

The SWP Cl i f ton  Court Forebay is  formed by dikes which enclose an 

area of about 2000 acres. The Forebay has a capacity of 28,653 

acre-feet and serves a s  p a r t  of t h e  in take  t o  t h e  SWP Delta Pump- 

ing  Plant. The pumping p lant  l i f t s  water about 244 f e e t  t o  supply 

the  Cal i fornia  Aqueduct. The Forebay provides s torage capacity 

which allows f o r  withdrawal of water from t h e  Delta during favor- 

able  t i d e  conditions only, even though pumping from the  forebay 

continues a t  a f a i r l y  uniform ra te .  An unlined canal conveys 

water from the  forebay t o  the  Delta Pumping Plant  (~epartment ,  

1974(a). Fish screens and salvage f a c i l i t i e s  a t  t h e  pumping p lant  

a r e  designed t o  reduce t h e  l o s s  of f i s h  by diversion out of t h e  

Delta o r  by mechanical injury.  The combined capacity of t h e  seven . 
L ;  

pumps i n  the  pumping plant  i s  6,035 c f s  (Department, 1974(a)); 

From the  SWP Delta Pumping Plant, water is  conveyed t o  t h e  San 

Joaquin Valley, the San Francisco Bay a rea  and Southern C a l i -  

fornia .  The California Aqueduct de l ivers  water t o  the  

3an Joaquin Valley and Southern California.  The South Bay 

Aqueduct, branching from the Cal i fornia  Aqueduct, de l ivers  water 

a s  f a r  west a s  San Jose (~epar tment ,  1974(b), p. 11-11). 

Water is  a l so  exported by the City of Vallejo a t  Cache Slough i n  
I I 

eastern Solano County. The City of Vallejo pumping p lant  has th ree  



pumps with a t o t a l  capacitjr of 21 mil l ion gal lons per day (about 

32 cfs) .  The Ci ty ' s  appropriat ive r i g h t  i s  f o r  diversion of about 

32 c f s  year-round. The quant i ty  of water diverted under th is  

r i g h t  i n  t h e  las t  severa l  years has been 15,000 acre-feet (an 

average of approximately 21 c f s )  o r  l e s s  annually. 

The water diverted a t  Rock Slough i n t o  Contra Costa Canal, a CVP 

f a c i l i t y  operated by the  Contra Costa County Water Dis t r i c t ,  is 

used p a r t l y  within t h e  Delta and p a r t l y  i n  port ions of Contra 

Costa County t h a t  a r e  outs ide t h e  Delta. This diversion i s  dis- 

cussed under Delta municipal and i n d u s t r i a l  uses. 

Phvsical F a c i l i t i e s  Outside t h e  Delta. The export of water from 

t h e  Delta and t h e  t r a n s f e r  of water across  t h e  Delta necess i ta tes  

t h e  coordinated operation of t h e  CVP and SWP. The SWP has f a c i l i -  

t i e s  which extend from Plumas County i n  the  north t o  Riverside 

County i n  t h e  south (see  Figure 111-38). The main s torage f a c i l i t y  

of t h e  SWP is  Lake Oroville i n  Butte County. Water released from 

t h e  Oroville complex flows down t h e  Feather River i n t o  t h e  

Sacramento River and then i n t o  the  network of channels i n  t h e  

Delta. A more complete descr ipt ion of SWP f a c i l i t i e s  is avai lable  

i n  Department Exhibit  l 5 A ,  and i n  various other  Department 

publications.  

The CVP includes a l a r g e  number of storage,  conveyance and power 

f a c i l i t i e s  a s  shown i n  Figure 111-39- Storage f a c i l i t i e s  a t  

Shasta Reservoir on the  Sacramento River and Cla i r  Engle Reservoir 
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on t h e  T r i n i t y  River from which water  is imported t o  t h e  Sacramento 

River through Whiskeytown Reservoir,  provide t h e  major c o n t r o l  of 

- t h e  Sacramento River above t h e  Feather  River. Folsom Dam on t h e  

American River  i s  a l s o  p a r t  of t h e  CVP. Water r e l e a s e d  from t h e s e  . 
- .. 
rn r e s e r v o i r s  is conveyed i n  t h e  Sacramento River  t o  t h e  channdls of . 
* .  ' t h e  Delta. The CVP expor ts  water  d ive r t ed  a t  Rock S loughthrough  

. .- t h e  Contra Costa Canal and a t  t h e  Tracy Pumping P l a n t  through t h e  

Delta-Mendota Canal, previously  described. The San Luis  Reservdir  . 

and r e l a t e d  f a c i l i t i e s  on t h e  west s i d e  of t h e  San Joaquin Valley 

provide  offs t ream s to rage  and power generat ion f o r  both t h e  CVP 

and t h e  SWP. A more complete de sc r ip t i on  of t h e  CVP f a c i l i t i e s  

is a v a i l a b l e  i n  Bureau Exhibi ts  63 and 64, and i n  var ious  Bureau 

publ ica t ions .  

Water Rights  and P r o j e c t  Operations. The CVP and SWP ope ra t e  under 

water  r i g h t  permits  sub j ec t  t o  t h e  continuing a u t h o r i t y  o f  t h e  

Board. The permits  of the Bureau and Department which con t r i bu t e  

t o  t h e  CVP and SWP Delta water  supply and d e t a i l s  of t h e  permits  

a r e  l i s t e d  i n  Appendix A of t h e  d r a f t  water  q u a l i t y  con t ro l  p lan* 

The permits  show t11c olaxilnum q u a u t i t i  es of water  which may b e  

s t o r e d  o r  maximum r a t e s  of d ivers ion  of water  from t h e  sources  

shown. However, t h e  information i n  t h e  permits  g ives  no indica-  

t i o n  of t h e  ex ten t  t o  wllich water  i s  a v a i l a b l e  w i th in  t hose  l i m i t s  

o r  t h e  p ro j ec t  water  y i e l d  t h a t  w i l l  r e s u l t  from d ive r s ions  i n  

accordance w i t h  t h e  perinit condit ions.  Neither does it i n d i c a t e  

t he  complexity of the operat ion of t h e  two p r o j e c t s  necessary  t o  



obtain t h a t  yield.  The operations of tile pro jec ts  a r e  governed 

11/ by the  p r i o r i t i e s  of var ious pro jec t  water r ights ,  conditions 

i n  t h e  permits, contractual  obl igat ions,  cooperative agreements, 

requirements of pro jec t  authorizat ions,  amount and pa t te rn  of 

runoff, t h e  s torage  ava i l ab le  i n  t h e  projects '  reservoirs ,  

physical  operating r e s t r i c t i o n s ,  and p r i o r  water r ights .  The 

water q u a l i t y  object ives  establ ished by the  Board a r e  an operating 

requirement t o  pro tec t  benef ic ia l  uses i n  the  Delta, t o  honor vested 

r i g h t s  and t o  conform t o  s t a t u t o r y  provisions t h a t  authorized t h e  

CW and SWP. 

The permits of t h e  Bureau contain no requirements concerning Delta 

s a l i n i t y  other  than t h e  reserva t ion  of ju r i sd ic t ion  by the  Board t o  

e s t ab l i sh  such requirements. However, the  permits f o r  t h e  SWP , i n  

addi t ion t o  the  same reserva t ion  of jur i sd ic t ion ,  include two terms 

with s p e c i f i c  Delta s a l i n i t y  l i m i t s  which can a f f e c t  pro jec t  opera- 

t ions.  One of these  terms subjec ts  t h e  SWP t o  t h e  water q u a l i t y  

l i m i t s  of t h e  November 19 c r i t e r i a .  The other is  the  so-called 

"Blind Point" condition. This conditiorl prohib i t s  diversion t o  

s torage o r  d i r e c t  d i ~ e r s i o n ~ o t h e r  than f o r  hydroelectric power 

generation a t  Oroville Reservoir, by the SWP a t  any time from 

April 1 t o  June 30 when t h e  maximum surface zone chlor ide ion con- - 
t e n t  of the  San Joaquin River a t  Blind Point exceeds 250 ppm. 

Determinations of y i e l d  t o  each pro jec t  which would r e s u l t  i f  - 4 

diversions were made i n  accordance w i t h  t h e  p r i o r i t i e s  of each 
of t h e  many permits involved have thus f a r  been unnecessary due 
t o  cooperative agreements f o r  sharing t h e  avai lab le  supply. 



Export Demands. Water exported from t h e  Delta se rves  a wide. .  
, . 

v a r i e t y  of uses  a s  i nd i ca t ed  by t h e  informat ion summarized i n , '  

Appendix A of t h e  d r a f t  water  q u a l i t y  con t ro l  plan. The quanti-  

t i e s  of water  which have been exported i n  t h e  r ecen t  p a s t  a r e .  

charac te r ized  by the  da t a  i n  Table 111-8. 

TABLE 111-8 

DELTA EXPORTS 

Acr e-f e e t  

Centra l  Valley P ro j ec t  

Long-Term Contracts  

2,900,000 

Source: Bureau Exhibit  2A 

S t a t e  Water P ro j ec t  

Maximum Annual Ent i t l ements  

4,200,000 

197$ Level Ent i t lement  

1,800,000 

Source: Department E x h i b i t .  1 5 A ,  p. 121  

C i t y  of Valle.jo 

License Ent i t lement  

About 22,500 

Source: SWRCB, Divisicli  of Wattlr Rights  Records 

Ant ic ipated Demand 

4,300,000 

A s  show11 by t h i s  data ,  most, of  t h e  water  i s  exported each yea r  by 

t h e  CVP and SWP, and tIlc two p r o j e c t s  expect t o  expor t  l a r g e r  

q u a n t i t i e s  of water  i n  t h e  future. Areas served by t h e  SWP and 

CVP from t h e  Sacramcntc: V ~ . l l e y  zupply a r e  shown i n  Figures  111-40 



FIGURE 111-4CJ S f  ATE WATER PROJECT 

EXlSflNG AND PROJECTED SERVlCE AREAS 

Location 
No. Contrading Amcv 

'- ' . ' . . "  
UPPER FEATHER AREA 

1 City of Yuba City 
' -  . 7 . - .  

, 
1 County of Butte 
3 Plumas County Flood Control and Water 

'.. I .l ( . 
< . . ' A , , A  . Conservation District 

NORTH BAY AREA 
: 1 . " a  4 Napa County Flood Control and Water 

Conservation District 
5 Solano County Flood Control and Water. 

Conservation District 

SOUTH BAY AREA 

ii Alameda County Flood Control and Water 
Conservation District, Zone 7 
Alameda County Water District ' 

c Santa Clara Val ley Water District 

SAN JOAQUIN VALLEY AREA' 
-I County of Kings 

10 Devil's Den Water District 

1 i Dudley Ridge Water District 

12 
U I h  I .  

Empire West Side Irrigation District 

13 Hacienda Water. District 
u c :  I . a  14 Kern County Water District 

15 Oak Flat Water District 

l i  Tulare Lake Basin Water Storage District ... 

CENTRALCOASTALAREA 

1; San Luis Obispo County Flood Control and 
Water Conservat~on District 

1: Santa Barbara County Flood Control and 
Water Conservation District 
SOUTHERN CALIFORNIA AREA 

19 Antelope Valley-East Kern Water Agency 

Zi.! Castaic Lake Water Agency 

2 1 Coachellz Valley County Water Agency . 

?? Crestline-Lake Arrowhead Water Agency 

;3 Desert Water Agency 

?d Littlerock Creek lrrigat~on District 

75 Mojave Water Agency 
I n.1.: * 

?ti Palmdale Water Distr~ct  

2 i San Bernardtno Valley Munic~pal 
Water District 

28 Sari Gabriel Valley Mlinicipal Water Distr~ct 

29 San Gorgon10 Pass Water Ager~cy 

31 1 The Metropolitan Water D~str ict  of Southern 
Cal~forn~a 

2 i Ventura County Flood Control D~strlct 

' predorli~nantly agricultura! 

I Fro,!' SWSC Exhlblt 1, p. 2 ,  and DWR Exhibit i5A' 
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and 111-lcl, respectively.  These serv ice  areas  include port ions 

of t h e  Sacramento Valley as well  as export se rv ice  areas  i n  t h e  .. 

Bay area, t h e  San Joaquin Valley, and Southern California,  
.. 

The Department has contracted a t  t h e  ou t se t  f o r  de l ivery  of the 
.I 

planned maximum y i e l d  of t h e  SWP. F a c i l i t i e s  a r e  t o  be con- 
n 

s t ruc ted  i n  phases t o  meet t h e  gradually increasing need for 

water, Water supply cont rac ts  include a schedule of increasing 

f i n n  d e l i v e r i e s  o r  ent i t lements  of water.' This allows t h e  

Department t o  schedule construction of f a c i l i t i e s  t o  meet demands. 

In  any year i n  which more water is ava i l ab le  than needed t o  meet 

t h a t  year 's  enti t lement,  contractors  may purchase such surp lus  

water. A s  use under annual enti t lements increases,  a v a i l a b i l i t y  

of surplus  water w i l l  decrease and be confined t o  more..water- 

abundant years. Should y i e l d  not be increased, def ic iencies  

i n  enti t lements would be necessary i n  some years. 

The Department conducts many s tud ies  t o  determine f u t u r e  opera- 

t i o n  of t h e  WP, and t h e  a v a i l a b i l i t y  of water suppl ies  f o r  its 

contractors.  Perhaps t h e  most important determination made i n  

these  s tudies  is t h a t  of the  "yield" of t h e  project ,  which i s  a 

measure of a long-term minimum average amount of water ava i l ab le  . . . 
f o r  del ivery on demand. The y i e l d  i s  calculated as the  average 

annual del ivery capab i l i ty  of the  SWP through the period 1928-1934, rn 

which represents  the  most severe long-term drought period of 

recent  record. The Bureau uses the  same determination of y ie ld  

f o r  t h e  Central Valley Project.  



The Department presented various exhib i t s  which were outputs of 

complex yield-determining operations s tudies  (Department M i b i t s  

11-7, 11-8, 11-10, 11-11, 11-12). The major elements i n  these  

s tudies  a r e  l i s t e d  below: 

1. Hydrologic base: e i t h e r  1922-1971 o r  1922-1954; . 

i n  e i t h e r  case, t h e  1928-1934 yield-determining 

hydrologic period is evaluated. 

2. Delta consumptive uses 

3 .  Controll ing Delta water qua l i tv  ob.jectives: these 

vary i n  each study, and can have a s ign i f i can t  impact , 

on yield.  

4. Project  exports: ac tua l  exports of water from t h e  

Delta by the  SWP and CVP, with consideration given 

t o  carr iage water requirements. 

5. Level of development: t h e  extent  of upstream water 

development and use (s tudies  use 1970, 1980, 1988, 

and 1990). 

6. Other assumptions : annual carryover storage, power 

operations, downstream f i s h  releases ,  etc.  f o r  pro jec t  

and nonproject f a c i l i t i e s .  

Considerations 3 and 5 vary i n  each study. Each operations study 

assumes t h a t  SWP and CVP reservoi rs  a r e  e s sen t i a l ly  a t  maximum 

operating l eve l s  i n  1928, decreasing t o  a minimal carryover s torage 

a t  the  end of 1934. The de l ive r i e s  through the  e n t i r e  period a r e  

summed, and divided by t h e  number of years i n  t h e  period t o  a r r i v e  

a t  the  y ie ld  f igures .  With any one s e t  of Delta water q u a l i t y  



objectives,  t h e  operat ions s tud ies  show t h a t  y i e l d  w i l l  decrease 

with time as nonproject upstream water development and water use 
. . increases  (Department Exhibi ts  11-7, 11-10, 11-11). The y i e l d  of 

the p ro jec t s  can be character ized as e i t h e r  firm pro jec t  y i e l d  o r  
- 

firm exportable yield.  Exportable y ie ld ,  discussed i n  more d e t a i l  * 

i n  Chapter V, is a measure of t h e  capab i l i ty  of the  p ro jec t s  t o  
V. 

meet export demands south and west of the  Delta. I n  t h e  case of 

the SWP, most of the  p ro jec t  demands a re  i n  export areas ,  s o  SWP 

f irm p ro jec t  y i e l d  i s  about equal t o  SWP f i rm exportable yield.  

However, f o r  the  CVP some large  service a reas  a r e  upstream of the  

Delta, so  CVP f i rm p ro jec t  y i e l d  i s  subs tan t i a l ly  g r e a t e r  than 

CVP f i r m  exportable yield.  The discussion i n  t h i s  chapter deals  

with f i r m  p ro jec t  y ie ld ,  while the  discussion i n  Chapter V i s  

concerned with the  e f f e c t s  of the  standards on combined firm export- 

able  yield.  

A SWP dependable annual y i e l d  of 4,230,000 acre-feet  is  necessary 
, 

t o  s a t i s f y  f u l l  cont rac tua l  enti t lements.  The dependable y i e l d  

determined from the  above s tud ies  ( assuming ex i s t ing  basin plan 

water qua l i ty  object ives)  with present f a c i l i t i e s  i s  about 

2,300,000 acre-feet, which the  Department estimates w i l l  meet 

contract  ent i t lements  through the  ea r ly  t o  mid-1980's. A compari- 

son of present estimated supply t o  present and fu ture  demands is 

shown i n  Table 111-9- The t a b l e  a l s o  ind ica tes  t h a t  SWP con- 

t r a c t o r s  have voluntar i ly  postponed some of t h e i r  f i rm entit lements 
- .  

through reduced de l ivery  schedules which r e s u l t  i n  s ign i f i can t  

d e c r e a s e i n  demand through about t h e  year  2010. Even so, t h e  SWP 

w i l l  need t o  take some ac t ions  much e a r l i e r  than 2010 i n  order  t o  

meet fu tu re  demands under  dry and c r i t i c a l  year  conditions. 
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SWP SUPPLY AND DEMAND 

Q u a n t i t i e s  i n  Thousands of Acre-Feet 

Year 

a/ Assumed approximate f irm supply a v a i l a b l e  t o  m e e t  - 
con t r ac tua l  needs. 

b/ This  represen ts  a voluntary reduction by con t r ac to r s  i n  - 
the  schedule of d e l i v e r i e s  of f i rm con t r ac t  en t i t l ement  
(from Table B-5B, The Ca l i fo rn i a  S t a t e  Water P ro j ec t  - 
1976 A c t i v i t i e s  and Future Manaqement Plans,  B u l l e t i n  
No.  132-77, Department). 

c/ This represen ts  maximum firm con t r ac t  en t i t l ement  (from - 
Table 8-4, i b id .  ) 

d/ Future supply may be increased through conservation and - 
reclamation programs, construct ion of new f a c i l i t i e s ,  
development of new groundwater s to rage ,  e t c .  It may a l s o  
be decreased by non-project upstream water  development 
and use. 



The CVP firm y i e l d  has  been determined by operation simulation 

s tud ies  conducted by t h e  Bureau. These s tud ies  are based on 

h i s t o r i c a l  runoff, t h e  c a p a b i l i t i e s  of each u n i t  of the  CVP 

and the  coordination of the  individual  reservoi r  operations 

- with a l l  of the  CVP supply and operat ional  commitments. Since 

the  CVP r e l i e s  on the  a v a i l a b i l i t y  of re turn  flows from upstream 

uses of p ro jec t  water a s  p a r t  of the  supply f o r  downstream pro jec t  

needs, the  expected p ro jec t  y i e l d  increases  as upstream use of 

p ro jec t  water increases.  

The Bureau takes  a d i f f e ren t  approach than the  S ta te  i n  matching 

water supply c o n t m c t s  and a developed supply. The Bureau deter- 

mines t h e  eventual need f o r  a water supply, and then constructs  

storage and conveyance works t o  provide immediate benefi ts ,  

including f lood con t ro l  and power generation, even though water 

supply cont rac ts  f o r  f u l l  use of the p ro jec t  y i e l d  have not been 

executed. Consequently, t h e  CVP now has a f i rm y i e l d  exceeding 

t h a t  needed t o  meet present  water supply contracts,  although the 

Bureau considers t h i s  water obligated t o  predetermined areas  of 

need. However, a s  shown by Table 111-10 the  future demand is  

expected t o  exceed the  y i e l d  with present ly ex i s t ing  f a c i l i t i e s .  a 



CVP SUPPLY, DEMAND, AND INTERIM SUPPLY AVAILABLE 

Quanti t ies  i n  thousands of acre-feet ,..: . 

Inter im Supply 
Year suppl& Demand Available Inbasin 

aJ based on 2,500 cubic f e e t  per second allowance f o r  Delta 
outflow and construction of addi t ional  f a c i l i t i e s  a f t e r  1980. 

Source: Bureau Exhibit 64, p. 20 

Another difference i s  t h a t  CVP water cont rac ts  do not provide f o r  

a gradual increase of enti t lements,  so t h a t  every long-term,con- . 

t r a c t o r  i s  e n t i t l e d  t o  the maxirm contractual  amount of water 

i n  any year, subject  t o  spec i f i c  curtailments during dry years. 



. j  ._.. .' . - . . 

The Bureau a l s o  s e l l s  surp lus  water i n  years i n  which the  suppiy .:. 

ava i l ab le  exceeds t h a t  necessary t o  meet t h e  long-term contractual  ' ,  .. . 

commitments. The general  operational object ives  of t h e  CVP are 
-. 

f ixed,  but t h e  de ta i l ed  operat ional  plans change throughout the 

year due t o  changing pro j e c t  demands, hydrologic conditions and 

other  fac tors .  

The a v a i l a b i l i t y  of water with s u i t a b l e  s a l i n i t y  f o r  export by 

the  CVP and SWP w i l l  be  affected by t h e  s a l i n i t y  standards adopted 

by t h e  Board, agreements executed by the  CVP and SWP, and by 

hydrologic and growth fac to r s .  

The estimated f u t u r e  demands f o r  water a r e  based upon population 

project ions,  t rends i n  i r r i g a t e d  agricul ture ,  assumptions regard- ., 

ing  success of water conservation measures and other f ac to r s ,  

A s  an example of the  r e l a t i v e  e f f e c t  of these fac tors ,  Figure 

111-42 shows th ree  estimates of possible  Delta export demand f o r  

t h e  year 2000 (Department Exhibit 11-2, p. 7). These est imates  

range from' 6.2 mi l l ion  acre-feet  t o  10.0 mi l l ion  acre-feet annu- 

a l l y .  The second arrow from the  l e f t  i n  the  f igure  shows the  

estimate which the  Department cur rent ly  uses  f o r  planning pur- 
. . 

poses. The estimated lowest possible demand from the  Delta f o r  

the  year  2000, shown by t h e  t h i r d  arrow, assumes: 



FIGURE 111-42 
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1. A minimum population growth r a t e  (assuming a zero . . 

n e t  migration and a f e r t i l i t y  r a t e  of 2.1 chi ldren 

per  woman) and a minimum growth i n  ag r i cu l tu re  

(assuming low r a t e s  of nat ional  population growth 

and fore ign  t r a d e  demands) ; 
' s  

2. A 10 percent increase i n  e f f ic iency of water manage- 
*. 

ment p rac t i ces  i n  the  municipal and i n d u s t r i a l  service 

a reas  t o  e f f e c t  water conservation; 

3 .  The Mid-Valley Canal w i l l  not be constructed; and 

4. A tenfold  increase  i n  new water supplies from 

reclamation and use of wastewater. 

The maximum poss ib le  demand from the  Delta shown by t h e  four th  

arrow assumes an increase i n  population through higher b i r t h  

r a t e s  and immigration, elimination of groundwater overdraft  i n  

the  San Joaquin Valley, and addi t ional  water development t o  support 

increased a g r i c u l t u r a l  production f o r  domestic use and foreign 

trade.  

I n  order  t o  meet the  expected Delta export demands the  CVP and SWP 

have a number of options. Basically,  these involve increasing 

storage capacity, changing operating c r i t e r i a ,  implementing water 

conservation and reclamation programs, amending export contracts,  

providing a l t e r n a t i v e  suppl ies  t o  Delta users,  improving the  e f f i -  

ciency of cross-Delta t r a n s f e r  of water, o r  some combination of e 

those options. The users  of water i n  the  service a reas  also have 
. .. 

a number of options which could reduce the expected demand. If 
. . these options r a i sed  the  p r i ce  of water, demand would decrease 

correspondingly . They can develop l o c a l  suppl ies  of surface 

111-180 



7 .  

water, ' increase t h e i r  use of ava i lab le  groundwater s o  Xong 

a s  permanent overdraf ts  do not occur, implement water conservation 
_---- 

measures, reclaim wastewater o r  ~~??tail new u s e s ' o f  water (Depart- 

ment Exhibit 11-1, ' p. 8 ) .  The decisions by p ro jec t  operators '  and . 

water use r s  w i l l  be influenced by many fac tors ,  including t h e  . 
. . Board's decision. 

Water Qua l i ty  Needs and Contractual Oblinations. The water 

exported from t h e  Delta by t h e  SWP and CVP is used i n  t h e  respec- 

t i v e  pro jec t  serv ice  areas  f o r  a  wide range of benef ic ia l  uses, . 

encompassing i r r i g a t i o n ,  domestic, municipal, i n d u s t r i a l  and 

groundwater recharge including r e l a t e d  control  of land subsidence 

and groundwater s a l i n i t y  intrusion.  The water supply contracts  

of t h e  SWP and CVP f o r  water diverted a t  Cl i f ton  Court and t h e  

Tracy Pumping Plant,  respectively,  appear t o  provide water of 

adequate q u a l i t y  f o r  the  most r e s t r i c t i v e  of t h e  beneficial  uses  

of water diverted a t  those locations.  

The SWP contracts  include provisions t h a t  t h e  S t a t e  s h a l l  take 

a l l  reasonable measures t c  make available, a t  t h e  s t r u c t u r e s  ' f o r  

del ivery of project  water t o  the contractors,  water of q u a l i t y  

not t o  exceed spec i f ied  l i m i t s  on both a  monthly average and 

ten-year average bas is  f o r  some 1 5  spec i f i c  consti tuents.  The 

goal i s  t o  de l iver  SWP contractors water with chlorides not  

exceeding 110 ppm on a monthly average basis. The SWP considers 

100 ppm chloride a t  Cl if ton Court necessary t o  meet the  110 ppm 

requirement i n  water delivered. 



I n  making d e l i v e r i e s  from..the Delta-Mendota Canal and Mendota 

Pool, under exchange contracts ,  t h e  Bureau is obligated t o  provide 

water of a q u a l i t y  t h a t  does not exceed t h e  following mean total  

dissolved s o l i d s  concentrations : 

Period - Maximum TDS Limits 
( P P ~ )  

Daily 800 

Monthly 

Annual 

Five-year 

Under Ehreau contracts  with i r r i g a t i o n  d i s t r i c t s ,  t h e  d i s t r i c t s  

a r e  not obligated t o  accept and pay f o r  any water which contains 

i n  excess of 300 p a r t s  per mi l l ion  chlor ide (about 1100 ppm TDS). 

However, i f  t h e  water i s  used, it is paid f o r  a t  prevai l ing 

cont rac t  r a t e s .  

The revised contract  with t h e  Contra Costa County Water D i s t r i c t  

f o r  water supplied t o  the  Contra Costa Canal intake c a l l s  f o r  t h e  

bes t  water q u a l i t y  possible  within t h e  operations capabi l i ty  of 

t h e  CVP. 

The a b i l i t y  of SWP and CVP t o  meet these q u a l i t y  commitments 

depends on water q u a l i t y  i n  t h e  Delta channels, which i n  t u r n  is 

determined by export r a t e s  and use of Delta inflow f o r  both Delta 

outflow and Delta consumptive uses. Enough flow i n t o  the  Delta 

must be provided t o  assure adequate t r ans fe r  of water t o  t h e  

export pumps. This Delta inflow a l s o  must provide enough Delta 



outflow t o  assure adequate export water qual i ty .  The outflow 

required t o  meet export water q u a l i t y  object ives  is ca l led  

"carriage waterw. The car r iage  water serves t h e  dual purpose 

of meeting the  water q u a l i t y  object ives  f o r  export water and7 

p a r t i a l l y  meeting the  water qua l i ty  object ives  t o  pro tec t  the. . 
benef ic ia l  uses of t h e  Delta and Suisun Marsh. 

Dm WATER QUALITY CONTROL 

Water q u a l i t y  control  i n  the  Delta and Suisun Marsh has been accom- 

plished through water q u a l i t y  control  plans and water r i g h t  

decisions adopted by the  Board. A 6 r i e f  descr ipt ion of those 

ac t ions  which a re  current ly  cont ro l l ing  is  presented below. 

(See Chapter I V  of the d r a f t  water qua l i ty  control  plan f o r  a 

more de ta i led  discussion on water qua l i ty  control  development i n  

the  Delta.) 
-. . 

The development of comprehensive water qua l i ty  object ives  f o r  t h e  

Delta began w i t h  t h e  so-called November 19, 1965 c r i t e r i a .  12/ 

These c r i t e r i a  were incorporated i n t o  Decision D 1275, t h e  princi-  

pa l  water r i g h t  decision on the  SWP adopted May 31, 1967, by t h e  

S t a t e  Water Rights Roard. Also, t h i s  decision included an opera- 

t i o n a l  l imi ta t ion  on pumping from t h e  Delta and on col lec t ing  

water t o  storage i n  Oroville Reservoir under ce r t a in  water q u a l i t y  

conditions. This pumping l imi ta t ion  was modified by Decision D 1291 

on ??ovemt=er 30, 1967. 
2 These c r i t e r i a  were developed by a  group consis t ing of 

representat ives  of t h e  Sacramento River and Delta Water 
Association, San Joaquin Water Rights Committee, Department, 
and Bureau. 



The November 19 c r i t e r i a  ppovide spec i f ic  water q u a l i t y  require-  

ments a t  designated loca t ions  throughout t h e  Delta. These 

c r i t e r i a  were negotiated between Delta ag r i cu l tu ra l  i n t e r e s t s  and 

projec t  operators based upon t h e  bes t  information ava i l ab le  i n  * 

1965 and were intended pr imari ly  f o r  t h e  protect ion of agricultural . 
uses i n  t h e  Delta. The November 1 9  water qua l i ty  c r i t e r i a  a r e  - 
essen t i a l ly  equal t o  s a l i n i t y  l e v e l s  i n  the  Delta necessary t o  

s a t i s f y  water qua l i ty  requirements a t  t h e  intakes t o  the Delta . 

Mendota and Contra Costa Canals. (Department Exh2bit 502, pa-. 67; 

Decision 1379 Hearing) The c r i t e r i a  provide f o r  re laxat ion  i n  

c r i t i c a l  years, However, t h i s  re laxat ion  would not  be t i e d  t o  

required def ic iencies  by water serv ice  contractors  i n  such years, 

The pr inc ipa l  water r i g h t  decision on t h e  CVP, Decision D 990 

adopted on February 9, 1961, does not include any water q u a l i t y  

objectives.  I n  1971 t h e  Board adopted Decision 1379 which estab- 

l i shed  new water q u a l i t y  requirements f o r  t h e  Delta and rescinded 

those i n  D 1275. It w a s  not  u n t i l  t h i s  decision t h a t  s p e c i f i c  

water q u a l i t y  objec t ives  f o r  t h e  protect ion of f i s h  and w i l d l i f e  

were established. This decision made no provisions f o r  relax- 

a t i o n  of these objec t ives  during dry and c r i t i c a l  years. 

Due t o  a court  order  s tay ing  implementation of Decision 1379, 

the  D 1275 water q u a l i t y  requirements a re  current ly  operative. 

Notwithstanding the  s t a y  on Decision 1379, water q u a l i t y  require- 

ments of t h a t  decis ion must generally be met, since they have 

been incorporated i n t o  l a t e r  water qua l i ty  control  plans. 



The current ly  cont ro l l ing  long-term s a l i n i t y  object ives  are those - 

contained i n  t h e  water q u a l i t y  control  plans f o r  t h e  San Francisco 

Basin (Basin 2 Plan) and t h e  Sacramento-San Joaquin Delta Basin 

(Basin 5B Plan). The Basin 2 Plan includes Suisun Marsh and was 

approved by the  S t a t e  Water Resources Control Board Resolution 

75-28 on April 17, 1975; the  Basin 5B Plan includes t h e  Delta 

and was approved by Board Resolution 75-80 on August 21, 1975. . . 

Amendments t o  s a l i n i t y  object ives  i n  the  Basin 2 Plan were 

approved by Board Resolution 76-61 on June 17, 1976. The s a l i n i t y  

object ives  of these  plans a r e  summarized i n  Appendix B of t h e  

water q u a l i t y  cont ro l  plan f o r  the  Delta and Suisun Marsh.. The 

water qua l i ty  standards i n  D 1275 have been i n c o r p o r a t e d i n t o  

t h e  Basin 5B Plan, except f o r  the  operational cons t ra in t  a t  Blind 

Point. 

The "Blind Pointw condition under the "no action" a l te rna t ive ,  

with the  implementation of Decision 1379 stayed, would continue 

t o  be a l imi ta t ion  on operation of t h e  SWP. 



CHAPTER IV 

DEVELOPMENT OF ALTERNATIVE PLANS 

The most important phase i n  t h e  development of a water quality 

control  plan is the  analys is  of a l t e rna t ive  approaches f o r  t h e  

protect ion of benef ic ia l  uses. The step-by-step approach used 

t o  develop these a l t e r n a t i v e s  is presented below. The process 
: 

.. I - 
involves e s sen t i a l ly  f i v e  s teps:  (1) development of conceptual 

a l t e r n a t i v e s  f o r  each benef ic ia l  use category, (2) preliminary 

evaluation of the  conceptual a l te rna t ives ,  (3) development of 

a l t e r n a t i v e  plans (complete s e t s  of water q u a l i t y  standards 

covering a l l  benef ic ia l  uses) by combining ce r t a in  conceptual 

a l t e r n a t i v e s  prepared f o r  each benef ic ia l  use, (4) evaluation 

of t h e  r e l a t i v e  impacts of t h e  a l t e r n a t i v e  plans,  and :(5) selec- 

t ion  of t h e  recommended plan. The first t h r e e  steps of this 

process a r e  discussed i n  t h i s  chapter and the  l a s t  two a r e  

presented i n  Chapter V. 

A. CONCEPTUAL ALTERNATIVES 

Conceptual a l t e rna t ives ,  r e f l e c t i n g  a  broad range of possible  

l e v e l s  of protection, have been developed f o r  each benef ic ia l  

use: Municipal and Indus t r ia l ,  Agriculture, and Fish and Wild- 

l i f e .  The spec i f i c  a l t e rna t ives  developed f o r  each major use 

a r e  discussed below and l i s t e d  i n  Table I V - 1  ( a t  t h e  end of 

t h i s  chapter). 



Municipal and I n d u s t r i a l  

Water supply f o r  human consumption has long been considered t h e  

highest  use of water. Water q u a l i t y  standards developed f o r  

such uses must ensure t h a t  those suppl ies  a r e  potable and do 
- 

. .. . 
not  endanger human l i v e s  or  health. Thus, a l l  of t h e  municipal - .  
and i n d u s t r i a l  a l t e r n a t i v e s  presented below would provide pro- .* 

t e c t i o n  f o r  municipal and domestic water supplies.  

No Action. The Basin 5B Plan object ives  f o r  municipal and indus- .. 

t r i a l  uses would be cont ro l l ing  i f  t h e  Board took no action. 

Municipal and i n d u s t r i a l  object ives  have been establ ished a t  

th ree  loca t ions  i n  t h e  Delta: Antioch, Rock Slough (Contra Costa 

Canal Intake) and Cache Slough (City of Val lejo Intake). These 

objec t ives  a r e  shown i n  Column A of Table IV-1. 

Public ~ n t e r e s t / ~ i t h o u t  Pro.iect Conditions. Under t h i s  a l terna-  

t i v e ,  protect ion of municipal and domestic uses would be provided 

under t h e  Board's public i n t e r e s t  authori ty .  The pr inc ipa l  bas is  

of municipal water supply q u a l i t y  would be the  protect ion of public . 

health.  The municipal standard f o r  drinking water i s  based on EPA 

regulat ions adopted pursuant t o  the "Safe Drinking Water Actw (PL 

93-523) and the  Cal i fornia  S ta te  Department of Health c r i t e r i a  set  

f o r t h  i n  Section 64473 of T i t l e  22 of the Cal i fornia  Administrative 
. 

Code. . 
I 

- 
The l e v e l  of pro tec t ion  f o r  indus t r ies ,  on the  other  hand, would 

be based on the  Board's vested water r i g h t  authority.  Indus t r i e s  



would be provided water of a q u a l i t y  s u i t a b l e  f o r  the  most 

sa l t - sens i t ive  i n d u s t r i a l  processes f o r  t h e  length of time 

t h a t  they would have received it i n  the  absence of t h e  projects.  

Municipal uses a r e  g rea t ly  enhanced i n  terms of s u i t a b i l i t y  f o r  

landscape watering and t a s t e  by water q u a l i t y  l e v e l s  b e t t e r  than 

t h e  public hea l th  standards. Thus, water qua l i ty  c r i t e r i a  f o r  

municipal and i n d u s t r i a l  uses should recognize t h i s  need. The 

U. C. Guidelines f o r  protect ion of chloride-sensit ive vegetation 

and CCCWD Exhibit 17  ind ica te  t h a t  svch municipal uses could be 

protected a t  the  150 m g / l  chlor ide l i m i t .  This a l t e r n a t i v e  a l s o  

would provide municipal users  the  150 m g / l  chloride l e v e l  of 

protect ion t o  t h e  extent  t h a t  such qua l i ty  would have been avail- 

ab le  t o  them i n  the  absence of t h e  projects.  This i n d u s t r i a l  

and municipal standard would be provided offshore a t  Antioch. 

The development of without pro jec t  s a l i n i t y  conditions a t  

Antioch i s  described i n  Chapter 111. Briefly, an analysis  w a s  

made t o  estimate s a l i n i t i e s  a t  Antioch which could be expected 

t o  occur a t  the  1980 l e v e l  of upstream depletions unrelated t o  

CVP and SWP development. The r e s u l t s  of t h i s  ana lys is  a r e  shown 

i n  Column B of Table IV-1. 

Subs t i tu te  Supplies. Municipal and i n d u s t r i a l  users  i n  t h e  

v i c i n i t y  of Antioch have adequate s u b s t i t u t e  suppl ies  ava i lab le  

through t h e  Contra Costa Canal. Under t h i s  a l te rna t ive ,  offshore 

water qua l i ty  i n  the  v i c i n i t y  of Antioch would not be protected. 



The l e v e l  of pro tec t ion  provided t o  municipal drinking suppl ies  

a t  ,the Contra Costa Canal Intake would be i d e n t i c a l  t o  t h a t  of 

the  previous a l t e rna t ive .  The i n d u s t r i a l  standard would be based 

on providing a s u b s t i t u t e  water supply through the  Contra Costa 

Canal equivalent t o  t h a t  which would have been avai lab le  offshore 

a t  Antioch. However, t o  the extent  t h a t  vested water right holders 

e l e c t  t o  s a t i s f y  t h e i r  needs offshore a t  Antioch, the  s u b s t i t u t e  

supply would be proport ionately reduced. The standards under th is  

a l t e r n a t i v e  a r e  shown i n  Column C of Table IV-1. 

Modified Without Pro.ject Conditions. Under t h i s  a l t e rna t ive ,  t h e  

number of days of 150 m g / l  chlor ide o r  l e s s  a t  Rock Slough would 

be permitted t o  vary with hydrologic conditions. This concept 

may provide long-term protect ion f o r  i n d u s t r i a l  uses comparable 

t o  t h a t  of t h e  s u b s t i t u t e  supply approach presented above. The 

modified without p ro jec t  standards a r e  shown i n  Column D of 

Table IV-1. 

Agricul tural  

No Action. Under t h i s  a l t e rna t ive ,  the  current Delta a g r i c u l t u r a l  

standards contained i n  t h e  Basin 5 B  Plan and a l s o  i n  t h e  Board's 

water r i g h t  Decision D 1275 would remain i n  e f fec t .  These stand- 

a rds  a r e  shown i n  Column A of Table IV-1. Decision D 1275 a l so  

contains s p e c i f i c  operat ional  cons t ra in ts  on t h e  SWP i f  ce r t a in  

water qua l i ty  conditions a r e  not met a t  Blind Point on the  San 

Joaquin River. 

Without Pro.ject Conditions. In  Chapter 111 t he  s a l i n i t y  require- 

ment t o  pro tec t  Delta ag r i cu l tu re  on subirr igated s o i l s  i s  dis- 

cussed and establ ished a t  0.45 mrnhos EC during the  i r r i g a t i o n  

IV-4 



season. Without pro jec t  water q u a l i t y  conditions a r e  developed 

i n  Chapter 111. Figures 111-9 and 111-10 depict  without p ro jec t  

conditions i n  t h e  western and i n t e r i o r  Delta, respectively,  f o r  

t h e  various year types. A s  shown i n  Figure 111-9, wi thout .pro jec t  

conditions would not provide t h e  western Delta with 0.45 mmhos 

EC water qua l i ty  throughout t h e  major portion of t h e  i r r i g a t i o n  

season, except i n  wet years. 

In  order t o  e s t ab l i sh  the  s a l i n i t y  l eve l s  t h a t  each geographical 

area of t h e  Delta i s  e n t i t l e d  to,  Figure 111-9 and Figure 111-10 

were used t o  develop weighted average water q u a l i t y  during t h e  

major portion of the  i r r i g a t i o n  season (April 1 t o  August 15). 

The weighted average s a l i n i t i e s  f o r  various loca t ions  i n  t h e  

Delta a re  shown i n  Column B of Table IV-1. The average s a l i n i t y  

f o r  Central Landing is l i s t e d  under wTerminousw, and t h a t  f o r  

False  River a t  Webb Pump under "Sari Andreas Landingw. 

Even though the  subs t i tu ted  s t a t i o n s  a r e  not t h e  loca t ions  f o r  

which the  data were gathered, the  data  adequately represent  water 

qual i ty  a t  these s t a t ions .  

During those water year types i n  which the  weighted average 

s a l i n i t y  i s  l e s s  than o r  equal t o  0.45 .&os EC, a s a l i n i t y  

requirement of 0.45 mmhos EC would be met. A s  discussed i n  

Chapter 111, water qua l i ty  b e t t e r  than 0.45 rnrnhos EC most l i k e l y  

would not provide any addi t ional  benefi t  t o  subi r r iga ted  agricul-  

ture .  Thus, the  s a l i n i t y  requirements l i s t e d  i n  Column B of 



Table IV-1 provide Delta ag r i cu l tu re  with t h e  average water 

qua l i ty  which would have been experienced i n  t h e  absence of t h e  
.. . 

CVP and SWP a s  l imi ted  by t h e i r  water q u a l i t y  needs. . . I  

. 

. . 
Modified Without Pro jec t  Conditions. A modification of t h e  

. 
previous a l t e r n a t i v e  i s  shown i n  Column C of Table IV-1. This 

% 

conceptual a l t e r n a t i v e  recognizes t h a t  good water q u a l i t y  (low 

s a l i n i t y )  would have been ava i l ab le  a t  a l l  times ear ly  i n  t h e  

i r r i g a t i o n  season under without pro jec t  conditions, but t h a t  

t h e  q u a l i t y  would degrade rap id ly  l a t e r  i n  t h e  i r r i g a t i o n  season. 

This "modified" a l t e r n a t i v e  would provide 0.45 mmhos EC f o r  a 

period during t h e  beginning of t h e  i r r i g a t i o n  season, and then 

would allow higher s a l i n i t y  t o  occur during the  l a t t e r  port ion 
. . 

of t h e  i r r i g a t i o n  season. The weighted average s a l i n i t y  under 

t h i s  "modified" a l t e r n a t i v e  i s  t h e  same as  t h a t  f o r  t h e  without 

p ro jec t  a l t e rna t ive .  The benef i t s  and drawbacks of these two 

approaches a r e  discussed i n  more d e t a i l  i n  Chapter V. 

Fish and Wildl i fe  

No Action (Basin plans) .  I f  t h e  Board took no action, the  f i s h  

and w i l d l i f e  objec t ives  of Basin Plans 5 B  and 2 would be control- 

l ing .  The Basin Plan object ives  a r e  shown i n  Column A of Table IV-1. 

Pro,ject Mitiaation/Interirn P r o t e c t i o n ( ~ i s h  & Game Exhibit 11). The 

Board bel ieves t h a t  conditions i n  the  Delta and Suisun Marsh f o r  f i s h  - I  

and w i l d l i f e  resources should be such t h a t  these resources are main- . '  

ta ined  a t  o r  a t  l e a s t  approach those l e v e l s  which would have exis ted  

had the  SWP and CVP not been b u i l t .  Conditions upstream of the  

es tuary  may l i m i t  t h e  abundance of some species. This a l t e rna t ive  

dea l s  only with those f a c t o r s  i n  the  Delta and Marsh t h a t  l i m i t  species 
abundance. IV-6 



During t h e  hearing, Fish and Game emphasized c e r t a i n  key . f i s h  

and w i l d l i f  e-related species  (RT Vol. XXII ,  pp. 142-144): 

S t r iped  bass, salmon and a l k a l i  bulrush a r e  present ly  considered 

key species  by Fish and Game. These key species  have been 

se lec ted  pr imar i ly  because of t h e i r  ove ra l l  importance and the 

current  s t a t e  of knowledge r e l a t i n g  environmental f a c t o r s  t o  

expected f i s h  and w i l d l i f e  population leve ls .  I n  measuring the 

attainment of the  mi t iga t ion  goal  i n  the  Del ta  and Suisun Marsh 

t h i s  a l t e r n a t i v e  has been assessed i n  terms of these  key species.  

The water q u a l i t y  standards t h a t  s t r i v e  t o  a t t a i n  t h i s  l e v e l  of 

pro tec t ion  a r e  shown i n  Column C of Table IV-1.  

o  S t r iped  Bass. Information r e l a t i n g  Delta outflow and 

diversion r a t e s  t o  young s t r i p e d  bass surv iva l  ( i n  

terms of t h e  St r iped  Bass Index) i s  presented i n  

Chapter 111. Based on these  flow/bass r e l a t ionsh ips  

and Department Exhibit  11-12v, the  average St r iped  

Bass Index expected under without p r o j e c t  condi t ions 

has been estimated. 

The June-July re l a t ionsh ips  of outflow, diversion r a t e s  

and young s t r i p e d  bass surv iva l  were considered t o  be 

the  most appropriate  f o r  t h e  determination of t h e  

without pro jec t  S t r iped  Bass Index. The Index was 

Department Exhibit 11-12 i d e n t i f i e s  environmental conditions 
i n  t h e  Delta and Suisun Marsh which would have occurred i n  t h e  
absence of SWP and CVP under 1980 l e v e l  of development. 



found t o  vary from 108 index u n i t s  i n  an average wet 

year t o  18 index u n i t s  i n  an average c r i t i c a l  year, 

with t h e  overa l l  average (based on t h e  frequency of 

occurrence of hydrologic year types during t h e  
' 

period 1922-1971) being 71 index uni t s .  This i s  l i k e l y  

an underestimate of without p ro jec t  conditions. The 

bas i s  of t h i s  conclusion is discussed i n  more d e t a i l  

i n  Chapter V. 

Fish and Game's recommendations, s e t  f o r t h  i n  t h e i r  

Exhibit 11, were then analyzed t o  determine i f  these 

recommendations would provide the  without pro jec t  

l e v e l  of pro tec t ion  t o  s t r i p e d  bass. The r e s u l t s  of 

t h i s  ana lys is  a r e  discussed i n  d e t a i l  i n  Chapter V. 

These r e s u l t s  show t h a t  the  Fish and Game recommenda- 

t i o n s  approached mit igat ion of project-induced impacts 

on s t r i p e d  bass under conditions expected t o  e x i s t  

f o r  the  next few years. The Fish and Game recommen- 

dat ions a re  therefore  included under t h i s  a l t e r n a t i v e  

and shown i n  Column C of Table IV-1. 

o Salmon. Mitigation l e v e l s  f o r  salmon have not  been 

developed. As previously indicated i n  Chapter 111, 

salmon populations i n  the  Sacramento and San Joaquin 

watersheds a r e  believed t o  be af fec ted  more by pro jec t  

developments upstream of the  Delta where they spawn 

than by environmental conditions i n  the Delta. I n  

addition,  p ro jec t  development upstream of the  Delta 

over the  l a s t  40 years  has changed the predominant 



runs of salmon f r o p  spr ing  t o  winter,  and thus  has 

changed t h e  timing of environmental needs of salmon 

i n  t h e  Delta. The environmental needs i n  t h e  Delta 

of t h e  present  salmon runs a r e  not we l l  understood. . 

However, Fish and Game has recomended minimum 'flows 

i n  the  Delta which it bel ieves would be s u i t a b l e  f o r  

salmon migration (Fish and Game Exhibit  11, p. 9 ) .  

These recommendations have been included under t h i s  

conceptual a l t e r n a t i v e  f o r  t h e  p ro tec t ion  of salmon, 

and a re  shown i n  Column C of Sable  IV-1. 

c Suisun Marsh. The mean monthly channel s a l i n i t i e s  i n  

Suisun Marsh reauired t o  produce optimal seed production 

of a l k a l i  bulrush with bes t  management p rac t i ces  a r e  

discussed i n  Chapter 111. The c r i t i c a l  period is from 

October through May during which t i d a l  f looding of the 

managed area  takes  place. The s a l i n i t i e s  needed t o  p r o t e c t  

the  Marsh a re  shown by the  s o l i d  l i n e  with squares i n  

Figure IT-1. Also, shown on Figure I V - 1  a r e  the  condi t ions 

expected i n  the Marsh both with and without the  SWP and CVP 

during average c r i t i c a l  y e a r s . u  Figure I V - 1  shows t h a t  

1/ The curve labeled "with projects"  was taken from Fish and Game 
Exhibit  2J+ and represents  condi t ions expected t o  occur over t h e  
next few years w i t h  t h e  p ro jec t s  operat ing t o  t h e ' i n t e r i m  
Marsh objec t ives  contained i n  Fish and Game Exhibit  11. The . 
curve labeled "without projects"  was developed from Department 
Exhibi ts  11-12 and 11-13E i n  t h e  same manner t h a t  Fish and Game 
Exhikit 2L was developed. 
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s a l i n i t y  l e v e l s  would be s u b s t a n t i a l l y  lower under 

without p r o j e c t  cond i t i ons .  than wi th  t he  pro jec t s .  

These lower s a l i n i t y  l e v e l s  would provide f u l l  pro- 

t e c t i o n  t o  a major po r t i on  of t h e  Marsh, even i n  

c r i t i c a l  years.  

I n  addi t ion ,  Figure IV-1  i n d i c a t e s  t h a t  t h e  interim 

recommendations contained i n  F i sh  and Game Ekhibi t  

11 would not provide f u l l  p ro t ec t ion  t o  t h e  Marsh 

during c r i t i c a l  yea r s  i n  t he  immediate f u t u r e  under 

wi th  p r o j e c t  condit ions.  Thus, F i sh  and Game's 

i n t e r im  recommendations do not  provide f o r  immediate 

f u l l  mi t iga t ion  of pro  ject-induced impacts on Suisun 

Marsh. F u l l  mit igati .on of p r o j e c t  impacts could 

requi re  i n  excess of 2 m i l l i o n  acre-feet  of Del ta  

outflow i n  a c r i t i c a l  yea r  above t h a t  required f o r  

the  with p r o j e c t  condi t ion depicted i n  Figure I V - 1  

(RT Vol. X X I I ,  p. 101). The es t imated monthly Dezta 

outflows required t o  mi t iga t e  f u l l y  p r o j e c t  impacts 

on the  Marsh and thus  p r o t e c t  t h e  Marsh a r e  l i s t e d  

\w:low: 
Average Average 

Del ta  Outflow Del ta  Outflow 
Month c f s  Month - c f s  

October 5,900 February 14,500 

November 6,700 March 14,500 

December 6,700 Apr i l  11,000 

January 9 700 May 11,000 



(Based on a t t a i n i n g  a t  Suisun Slough the s a l i n i t i e s  

shown on Table I V - 1  under Fish and Wildlife, Suisun 

Marsh, Column B. ) 

Presently, pro tec t ion  of the  Marsh can be accomplished 

only with Delta outflow. The Delta outflow required 

f o r  f u l l  Marsh pro tec t ion  would reduce the  combined 

exportable y i e l d  of the  p ro jec t s  by about one-third. 

Recognizing t h e  severe impacts which would be imposed on 

the  p ro jec t s  i f  f u l l  Marsh pro tec t ion  were required now, 

Fish and Game reeommended e s s e n t i a l l y  two l e v e l s  of pro- .. . 

t e c t i o n  f o r  the  Marsh. F u l l  protect ion of the Marsh 

would be achieved on a permanent b a s i s  a s  soon as necessary . 

f a c i l i t i e s  a r e  constructed t o  provide a l t e rna t ive  suppl ies  

t o  the Marsh. Under the time schedule establ ished by t h e  

Board i n  the  water qua l i ty  cont ro l  plan, these mit igat ion 

f a c i l i t i e s  must be completed by October 1, 1984. I n  t h e  

inter im over the  next s i x  years, Fish and Game recommended 

t h a t  something l e s s  than f u l l  pro tec t ion  be provided t o  

the Marsh recognizing the  probable occurrence of l a rge  

uncontrolled flows i n  most years  which would provide the  

Marsh needed protection. Based on h i s t o r i c a l  occurrences, 

Marsh pro tec t ion  under t h i s  approach would occur about r 

II 

two-thirds of the  time. Fish and Game's recommendation 

f o r  Suisun Marsh s a t i s f i e s  the  i n t e n t  of t h i s  mit igat ion I 



conceptual alt,er,native, although such mit igat ion 

does not take place immediately. The water q u a l i t y  , 

standards f o r  t h i s  approach a re  shown i n  Column C 

of Table IV-1 .  F u l l  protect ion t o  the  Marsh is 

evaluated i n  d e t a i l  below under t h e  preservation 

conceptual a l te rna t ive .  

Preservation of Fish and Wildlife a t  His tor ica l  Levels. Fish and 

Game has adopted a  general policy t h a t  f i s h  and w i l d l i f e  resources 

i n  the Bay-Delta estuary should be maintained a t  recent h i s t o r i c a l  

l eve l s  ( R T  Vol. X X I I ,  pp. 140-141). However, conditions upstream 

of the estuary may l i m i t  the abundance of some species. Fish and 

Game's pol icy deals  only with those f a c t o r s  i n  the  estuary 

t h a t  l i m i t  species  abundance. The recent h i s t o r i c a l  l e v e l s  

a re  the  average abundance of f i s h  and w i l d l i f e  resources 

over the  1922-1967 period. The 1922-1967 period was derived 

through negotiations between the  Department, Bureau, Fish and 

Game, and U. S. Fish and Wildlife Service. The year  1922 

represents  the beginning of r e l i a b l e  hydrologic da ta  on the 

Bay-Delta estuary. I n  view of t h i s ,  1922 has been t r a d i t i o n a l l y  

used a s  the s t a r t i n g  point  f o r  operation s tudies  of the  Bureau 

and Department. The year  1967 marks the  point  a t  which substan- 

tial increases  i n  export occurred as a  r e s u l t  of the  start-up of 

the SWP and San Luis Division of the  CVP (RT Vol. X X I I ,  pp.' 141-142). 



Fish and Game has not  attempted t o  define the  l e v e l s  o f . r e c e n t  

h i s t o r i c a l  abundance f o r  a l l  t he  f i s h  and w i l d l i f e  spec ies  i n  
* 

the  Delta and Suisun Marsh. Fish and Game has indica ted  t h a t  - I. 

these l e v e l s  w i l l  be w...estimated only f o r  key species  when t h e  
. . 

need a r i s e s w  (RT Vol. X X I I ,  p. 142). The recent h i s t o r i c a l  l e v e l s  . *a 

have been developed f o r  s t r i p e d  bass and, i n  a general  way, f o r  

S ~ ~ i s u n  Marsh. Thc determination f o r  Suiouri Marsh is not based 

on a c t u a l  h i s t o r i c a l  l e v e l s  of spec i f i c  p l a n t s  o r  waterfowl t h a t  

occurred during 1922 t o  1967. Instead, recent h i s t o r i c a l  levels  

f o r  t h e  Marsh r e f l e c t  t h e  po ten t i a l  resource t h a t  could have 

exis ted  i n  t h i s  a rea  under the  water qua l i ty  avai lab le  during 

the  1922 t o  1967 period and bes t  management pract ices .  

I 

This conceptual a l t e r n a t i v e  may provide some enhancement 

beyond t h a t  provided i n  t h e  previous a l t e rna t ive ,  p ro jec t  

mitigation/interim protection. Compensation f o r  any enhance- 

ment would be subject  t o  the  provisions of the  authorizing 

l e g i s l a t i o n  of the  SWP and CVP. The development of water 

qua l i ty  standards f o r  t h i s  conceptual a l t e rna t ive  is dis- 

cussed below. Although these  standards a re  based on the  

best  ava i lab le  information, it i s  uncertain whether h i s t o r i c a l  

l e v e l s  could be achieved even if these requirements were met. 



o Str iped Bass. Actual measurements of s t r i p e d  bass 

abundance a re  avai lab le  only f o r  the  period beginning 

with 1959. Thus, the  method f o r  determining the  without 

projec t  l e v e l s  (explained above) has been used t o  calcu- 

l a t e  the  h i s t o r i c a l  l e v e l  of s t r i p e d  bass abundance. 

However, i n  place of the  t h e o r e t i c a l  without project 

conditions, the  ac tua l  environmental conditions that 

occurred during t h e  1922-1967 period have been used along 

with the outflow-diversion-striped bass  re la t ionships  i n  

estimating the  h i s t o r i c a l  level .  Fish and Game -bit 14 

shows t h a t  the estimated average St r iped  Bass Index dur- 

ing the 1922-1967 period i s  106 index u n i t s  ( a l s o  see 

RT Val. X X I I ,  pp. 167-168). 

Water qua l i ty  standards were then developed t o  achieve an 

average St r iped  Bass Index of 106 with ex i s t ing  p ro jec t  

f a c i l i t i e s  using the  outflow/bass relat ionships.  June and 

July outflows and diversions f o r  t h e  various year  types have 

been developed t o  best  f i t  t h e  needs of both s t r iped  

bass and t h e  projects ,  and t o  r e s u l t  i n  an overa l l  

average of 106 Str iped Bass Index uni t s .  The frequency 

of occurrence o f  each year type is  consis tent  with t h e  

h i s t o r i c a l  occurrence over the  past  50 years. There 

are,  of course, an i n f i n i t e  number of possible  outflow 

and export combinations t h a t  could have been selected.  

Table IV-2 i l l u s t r a t e s  how l imi ta t ions  on export r a t e s  

a f f e c t  t h e  Delta outflow required t o  obtain a weighted 

Str iped Bass Index of 106. 
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The St r iped  Bass Index values shown i n  Table IV-2 f o r  
I 

current  export r a t e s  (7550 c f s )  depend on extrapolat ion 

of t h e  outflow-Striped Bass Index re la t ionship  far  beyond 

a c t u a l  measurements. For t h i s  reason, an export l e v e l  of 

4000 c f s  was used t o  develop t h e  flows needed to protect . 
C 

s t r i p e d  bass a t  h i s t o r i c a l  levels .  The 4000 c f s  export  

l e v e l  is  a required l imi ta t ion  on pro jec t  operations. 

Based on the  outflow/bass re la t ionships  t h i s  export limita- 

t i o n  is necessary t o  achieve the  h i s t o r i c a l  l e v e l  of pro- 

t e c t i o n  t o  s t r i p e d  bass  with ex i s t ing  pro jec t  f a c i l i t i e s  

and the  outflows l i s t e d  i n  Table IV-2. Whether these 

conditions would ac tua l ly  r e s u l t  i n  h i s t o r i c a l  l e v e l  of 

s t r i p e d  bass'  i s  uncertain. 

Suisun Marsh. Fish and Game Exhibit 19  indica tes  t h a t  

during average c r i t i c a l  years of t h e  h i s t o r i c a l  period 

(1922-1967), Suisun Marsh received water qua l i ty  

b e t t e r  than t h a t  needed f o r  optimal seed production of 

a l k a l i  bulrush. Water qua l i ty  conditions during wetter  

years of t h e  h i s t o r i c a l  period were considerably b e t t e r  
- 3 

than thoseduring c r i t i c a l  years. Therefore, f u l l  protec- 

t i o n  of Suisun Marsh was afforded i n  a l l  year types 

during t h e  period 1922-1967. In  order t o  pro tec t  t h e  

Marsh s o l e l y  with Delta outflow, water q u a l i t i e s  i n  t h e  " 

channels of t h e  Marsh would have t o  be a s  good o r  b e t t e r  
I 

than those l i s t e d  i n  Column B of Table IV-1. The out- 

flows required t o  achieve these  water q u a l i t i e s  i n  t h e  

Marsh a re  shown i n  the p ro jec t  mitigation/interim protec- 

t i o n  section. These water qua l i ty  conditions would be 

required a s  minimum standards each year t o  pro tec t  f u l l y  

t h e  Marsh. 



TABLE IV-2 

RELATIONSHIP BETWEEN JUNE-JULY DELTA 
OUTFLOW AND STRIPED BASS INDEX (SBI) 

Export Level Export Level 
4.000 c f s  2/ 7.550 cfs 2/ 

Year Type June-July Delta June-July Delta 
(Frequency) l/ Outflow (cfs) 3 /  SBI Outflow (cfs) SBI 

Above Normal (1w0) 20,000 116.4 60,000 113.2 . 

Below Normal (1%) 14,000 109.2 24,000 92.7 

Dry (2%) 9, 000 96.8 14,000 87.3 

C r i t i c a l  (lwo) 4,000 64.1 8,000 70.9 

Weighted Average S B I  106.3 105.6 

-~ 

1;/ From Department Exhibit 1. 

y The export l e v e l s  represent  export r a t e s  expected during June 
and Ju ly  under normal operations of t h e  pro jec ts  (7,550 cfs )  
and export r a t e s  t h a t  exis ted p r io r  t o  SWP (4,000 cfs). Delta 
channel depletions have been estimated a t  4,000 cfs during 
June and July. 

2/ The June and July flows shown i n  Column B of Table IV-1 were 
averaged t o  achieve t h e  flows l i s t e d .  The May flows were s e t  
a t  1.2 t o  1.5 times t h e  June-July flows (RT Vol. XXII, p. 170). 



o Other Fish and Wildl i fe  Concerns. The recommendations 

made i n  Fish and Game Exhibit 11 r e l a t i v e  t o  physical  

operations of t h e  present Delta f a c i l i t i e s  of t h e  CVP 
. + and SWP and t h e  flows required f o r  salmon have been .... . i n c o ~  . . 

porated as water q u a l i t y  standards under this conceptual . - 
al te rna t ive .  I n  addition,  pos i t ive  ne t  downstream flows i n  

a l l  Delta channels would a l s o  be required t o  achieve t h e  

h i s t o r i c a l  l e v e l  of protection. These requirements a r e  
l i s t e d  i n  Column B of Table IV-1. 

B. INITIAL ASSESSMENT OF CONCEPTUAL ALTERNATIVES 

Individual conceptual a l t e r n a t i v e s  f o r  each use were developed a t  

the  outse t  i n  order t o  c l a r i f y  a s  prec ise ly  a s  possible  t h e  var ious 

options avai lab le  t o  the  Board and t o  allow an i n i t i a l  assessment 

of possible  a l t e rna t ives .  Upon t h e  completion of t h i s  i n i t i a l  
. . 

assessment, t h e  leading conceptual a l t e r n a t i v e s  f o r  each use  were 

combined i n t o  complete a l t e r n a t i v e  plans. A br ief  descr ipt ion of 

t h i s  i n i t i a l  screening process is  presented below. 
.. . 

Municipal and Indus t r i a l  

The without pro jec t  conceptual a l t e r n a t i v e  depicted i n  Column B 

of Table AT-1 would requi re  l a r g e  amounts of Delta outflow. The 

estimated mean d a i l y  outflow required t o  maintain 150 m g / l  ~ 1 -  a t  - 
Antioch i s  about 10,000 c f s  (RT Vol. XXIV, p. 149). Depending 

upon the  carr iage water r e l eases  t o  maintain export water qual i ty ,  *r - 

the  150 m g / l  ~ 1 -  a t  Antioch might requi re  4,000 t o  7,000 c f s  of 

addi t ional  Delta outflow over t h a t  needed t o  meet other  s a l i n i t y  

standards. The Antioch standards would apply only f o r  about 50 

percent of each year. The Department estimates t h a t  the  addi t ional  



Delta outflow required t d  meet the  Antioch object ive during. ' the 

seven-year c r i t i c a l  period (1928-1934) would be about 1,000,OM) 

acre-feet per year (Department Exhibit 11-11). The t o t a l  munici- 

p a l  and i n d u s t r i a l  use i n  t h e  Antioch area  is about 220 acre-feet  

pe r  day (RT Vol. XXIV, pa  151). Thus, f o r  each acre-foot of .water 

diverted offshore at  Antioch f o r  municipal and i n d u s t r i a l  purposes, 

an addi t ional  25 acre-feet of Delta outflow would be required 

above t h a t  needed t o  meet other s a l i n i t y  object ives  and carriage 

water requirements. 

I n  addi t icn  t o  offshore supplies,  an adequate s u b s t i t u t e  supply 

i s  available t o  municipal and i n d u s t r i a l  users  i n  t h e  Antioch 

area through the Contra Costa Canal. A n  equivalent supply f o r  

those users ,as  provided by Water Code Section 12205 a t  the  

Contra Costa Canal Intake would require subs tan t i a l ly  l e s s  Delta 

outflow than providing the  same qua l i ty  offshore a t  Antioch. 

Therefore, the  municipal and i n d u s t r i a l  conceptual a l t e r n a t i v e  

i n  Column B was deleted. 

The conceptual a l t e r n a t i v e  i n  Column C of Table IV-1 was retained 

f o r  fu r the r  analysis  s i n c e  t h e  provision of a subs t i tu te  supply 

i n  l i e u  3f providing s u i t a b l e  water qua l i ty  offshore a t  Antioch 

appeared t o  be reasonable. 

The a l t e r n a t i v e  i n  Column D of Table IV-1 would provide s u i t a b l e  

water q u a l i t y  a t  the  Contra Costa Canal Intake a grea ter  percentage 

of the  time than the  a l t e r n a t i v e  i n  Column C. The a l t e r n a t i v e  i n  



Column D is designed t o  provide r e l a t i v e l y  long periods of 

su i t ab le  water q u a l i t y  i n  years  of high Sacramento Valley 

unimpaired runoff, but  much shor te r  periods of s u i t a b l e  water 

q u a l i t y  i n  years  of low unimpaired runoff. However, during dry 

and c r i t i c a l  years, this a l t e r n a t i v e  would not  provide a sub- 

s t i t u t e  supply equivalent t o  t h a t  avaf lable  offshore a t  Antioch .. 
as l i s t e d  i n  Column B of Table XV-1. . . 

There is not s u f f i c i e n t  information t o  determine t h e  economic 

impact of t h e  Column D a l t e r n a t i v e  on municipal and i n d u s t r i a l  

use r s  i n  t h e  v i c i n i t y  of Antioch. I n  addition, t h e  Board has 

concluded t h a t  water q u a l i t y  l e v e l s  a t  t h e  Contra Costa Canal 

Intake should be a t  l e a s t  as good a s  t h e  offshore enti t lements 

of those users  i n  t h e  Antioch area. Thus, t h e  a l t e r n a t i v e  i n  

Column D was not  re ta ined  f o r  f u r t h e r  consideration. 

I n  summary, a s  a  r e s u l t  of t h i s  i n i t i a l  evaluation, only t h e  

a l t e r n a t i v e s  i n  Columns A and C have been re ta ined  f o r  f u r t h e r  

consideration i n  the  development of a l t e r n a t i v e  plans. 

A ~ r i c u l t u r  e  

A s  previously indicated,  th ree  conceptual a l t e r n a t i v e s  have been - 
developed f o r  t h e  pro tec t ion  of a g r i c u l t u r a l  uses  i n  t h e  Delta. 

I n i t i a l  screening of these  a l t e rna t ives  d id  not eliminate any 

of them. Thus, a l l  t h r e e  have been re ta ined  f o r  f u r t h e r  evaluation 

i n  t h e  development of a l t e r n a t i v e  plans. 



Fish and Wild l i fe  

The th ree  conceptual a l t e r n a t i v e s  f o r  Fish and Wildlife a l s o  

have been retained f o r  f u r t h e r  consideration. 

DEVELOPMENT OF ALTERNATIVE PLANS 

Upon the  completion of t h e  i n i t i a l  evaluation of conceptual 

a l te rna t ives ,  t h e  most appropriate  conoeptual a l t e r n a t i v e s  f o r  

each category of use were combined i n t o  a l t e r n a t i v e  plans ( s e t s  

of water q u a l i t y  standards ). Each a l t e r n a t i v e  plan has been 

designed t o  r e f l e c t  a consis tent  policy direct ion.  Seven 

separate  a l t e r n a t i v e s  have been formulated, providing a wide 

range of options. The elements of these  a l t e r n a t i v e s  a r e  

described below. 

Alternative 1 A  ( N O  ~ c t i o n )  represents  t h e  s t r i c t  adherence t o  the 

water qua l i ty  object ives  ( standards a s  used herein) contained i n  

current Basin Plans. This includes compliance with the  Basin 2 

Plan Suisun Marsh objective which requires  water qua l i ty  In Wrsh 

channels t o  produce a s o i l  s a l i n i t y  of not more than 9000 m g / l  

TDS i n  the  f i r s t  foo t  of s o l 1  from Apri l  15 t o  May 30. The Delta 

outflow required t o  achi eve t h i s  s o i l  s a l i n i t y  without addi t ional  

f a c i l i t i e s  f o r  the  Marsh i s  substant ia l .  However, t h i s  a l t e r n a t i v e  

does not include the extensive pro jec t  cons t ra in t s  required t o  c rea te  

pos i t ive  net downstream flows i n  a l l  Delta channels. 

Alternative 1B i s  i d e n t i c a l  t o  Alternative lA, except tha t  the 

Suisun Marsh objective i s  not included. 
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Both Alternat ives  1 A  and 1~ assume t h e  Board would make a deter- 

mination t h a t  an a l t e r n a t i v e  supp ly .ex i s t s  f o r  t h e  offshore water 

use r s  i n  t h e  Antioch v ic in i ty .  

Alternat ive I I A  would provide m i c i p a l  and i n d u s t r i a l  users i n  

t h e  Antioch a rea  t h e i r  full water supply enti t lement through t h e  

Contra Costa Canal (conceptual a l t e r n a t i v e  i n  Column C of Table 

v ) .  Also, Delta ag r i cu l tu re  would be provided average seasonal 

without p ro jec t  ent i t lement  (conceptual Alternative B) . 
~ n t e r l m " ~ r o t e c t i o n  would be provided t o  f i she ry  resources 

( conceptual Alternat ive C) . Inter im protection- would a l s o  

be provided t o  Suisun Marsh pending t h e  construction of necessary 

mit igat ion f a c i l i t i e s  (conceptual Alternat ive C) . 

Alternat ive I I B  d i f f e r s  from Alternat ive I I A  only i n  t h e  agri- 

c u l t u r a l  object ives ,  which have been adjusted t o  more c lose ly  

r e f l e c t  water q u a l i t y  conditions t h a t  would have exis ted without 

t h e  p ro jec t s  (conceptual, Alternative C).  Although t h e  weighted 

average s a l i n i t i e s  of these  ag r i cu l tu ra l  object ives  a r e  t h e  same 

a s  those contained i n  Alternat ive IIA (conceptual Alternative B), 

Al ternat ive I I B  would provide lower than average s a l i n i t i e s  e a r l y  

i n  t h e  i r r i g a t i o n  season, but higher than average s a l i n i t i e s  

l a t e r  i n  t h e  i r r i g a t i o n  season. 

Alternat ive I I I A  would provide t h e  highest  l e v e l  of Delta protec- 

t i o n  of t h e  a l t e r n a t i v e s  considered. It assumes t h a t  s u b s t i t u t e  
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supplies would be provided t o  municipal and i n d u s t r i a l  users  i n  

t h e  Antioch a rea  (conceptual Alternative C) . Agricultural  uses  

would be provided g rea te r  protect ion ea r ly  i n  t h e  i r r i g a t i o n  

season with l e s s  protect ion i n  t h e  l a t t e r  port ion of i r r iga t5on  

season (conceptual Alternative C )  . The protect ion provided f i s h  

and w i l d l i f e  r e f l e c t s  t h a t  necessary t o  preserve these  resources 

a t  h i s t o r i c a l  l e v e l s  with present f a c i l i t i e s  (conceptual Alterna- 

t i v e  B). This would require subs tan t i a l  Delta outflows and project 

export curtailments f o r  f i she ry  protection, and high winter  out- 

flows t o  pro tec t  Suisun Marsh. 

Alternative I I I B  d i f f e r s  from Alternative I I I A  only i n  requi r ing  

inter im protect ion t o  Suisun Marsh (conceputal Alternative C) r a t h e r  . 

than immediate f u l l  protection. Comparison of the  impacts of these  

two a l t e rna t ives  is  a measure of the  very l a rge  amount of addi t ional  

Delta outflow needed t o  f u l l y  pro tec t  the  Marsh a t  present. 

Alternative I V  represents  the  merging of some fea tu res  from both 

Alternatives I I A  and I I B  (aspects of t h e  ag r i cu l tu re  conceptual 

Alternatives B and C were combined i n t o  one). 

The version of t h i s  a l t e rna t ive  appearing i n  the  Draft  R R  has been 

modified. The most inportant  aspects  of t h i s  modification a r e  (1) 

elimination of year a f t e r  c r i t i c a l  year standards f o r  ag r i cu l tu ra l ,  

municipal and i n d u s t r i a l  uses, ( 2 )  modification of the  Suisun Marsh 

inter im standard t o  provide no more than 12.5 mmhos EC a t  Chipps 

Is land  from January through May regardless  of year  type, and (3 )  

appl icat ion of export l imi ta t ions  t o  both p ro jec t s  during May-July 

regardless  of outflow. These and o ther  changes a re  discussed i n  

the Delta Plan. IV-23 
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Conceptual A Iternatives 
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C~APTER v 
ANALYSIS OF IMPACTS 

A s  previously indicated,  water qua l i ty  standards have been .  

developed t o  pro tec t  each benef ic ia l  use i n  i t s  own r ight .  . 

However, it i s  recognized t h a t  a pa r t i cu la r  use may rece ive  . 

inc identa l  benef i t s  from water qua l i ty  standards ' establ ished 

t o  pro tec t  other uses- I n  view of th i s ,  the  impacts of water 

qua l i ty  standards of each a l t e r n a t i v e  plan (described i n  ' 

Chapter IV) have been evaluated from two perspectives;  indiv idual ly  

and col lect ively.  The po ten t i a l  impacts of each a l t e r n a t i v e  plan 

a r e  summarized i n  Table V-1 (which is bound a t  t h e  end of t h i s  

chapter f o r  ease of reference).  The columns of Table V-1 labeled 

"standard only" represent  t h e  1 eve1 of protect ion provided s o l e l y  

by t h e  spec i f i c  water qua l i ty  standard establ ished f o r  t h a t  use. 

Any benef i t s  from projec t  car r iage  water o r  t h e  occurrence of 

uncontrolled flows a r e  not  included i n  t h i s  column. 

The columns of Table V-1 labeled wcomposite of all standards " 
depict  the  l eve l  of protect ion which would be received by a 

pa r t i cu la r  use from t h e  standards of each a l t e r n a t i v e  plan, along 

with benefi ts  from carr iage flow requirements. I n  addition, the 

e n t r i e s  f o r  f i s h  and w i l d l i f e  and exportable pro jec t  y i e l d  under the 

"composite" columns a l so  include the  e f fec t s  of expected uncon- 
* 

t r o l l e d  flows (Department Exhibit 11-10 and operation study of draft 

plan) .  Since current  water qua l i ty  models of the Delta do not  

include the i n t e r i o r  Delta, it was not possible  t o  iden t i fy  t h e  

benef i t s  from uncontrolled flows f o r  municipal, i n d u s t r i a l  and 

a g r i c u l t u r a l  uses. 
v-1 



The values tabulated under the  "composite of  a l l  standards n 

columns should not be considered as absolute numbers. They a r e  

intended t o  be used only f o r  comparative purposes between t h e  

respect ive a l t e r n a t i v e  plans. A number of f a c t o r s  have not been ,- 

incorporated i n t o  t h e  environmental ana lys is  which could, under . 
n 

ce r t a in  circumstances,bring about conditions d i f f e r e n t  from those - .  
r e f l ec ted  i n  t h e  values shown i n  Table V-1. These f a c t o r s  include 

l o c a l  ag r i cu l tu ra l  r e tu rn  flows, deviations i n  "average" export 

r a t e s  f o r  t h e  year type evaluated, t h e  na tura l  tendency of t h e  

system t o  respond slowly t o  hydrologic changes, and f o r  municipal, 

i n d u s t r i a l  and agr i cu l tu ra l  uses, the occurrence of uncontrolled 

flows. 

The po ten t i a l  environmental impacts of the  a l t e r n a t i v e  plans on 

each use have been evaluated f o r  t h e  f i v e  hydrologic year types 

(see  Figure 111-2). A t yp ica l  condition f o r  each water year type 

was se lec ted  t o  represent  years f a l l i n g  within t h a t  year type. 

While extremes (both wet and dry) i n  each year type have been 

eliminated, t h i s  procedure does provide a r e a l i s t i c  base f o r  

comparison of a l t e rna t ives .  The impacts on exportable p ro jec t  

y i e l d  a re  based on the  sustained dry period from 1928 t o  

1934. 

A. DELTA OUTFLOW 

The water qua l i ty  standards of the  ~ i . t ; . x - r ~ a t i v e  plans a r e  e i t h e r  

i n  terms of spec i f i c  s a l i n i t y  conditions o r  s p e c i f i c  outflows a t  



various locat ions i n  the .Del ta  and Suisun Marsh. I n  order  t o  

f a c i l i t a t e  the  evaluation of a l t e rna t ive  plans, these standards 

have been converted i n t o  Delta outflow as a common parameter. - 

Hydrographs of the Delta outflow required under each a l t e r n a t i v e  

plan f o r  the f i v e  year  types a re  shown i n  the Figure V-1 s e r i e s  b0md 

a t  the end of t h i s  chapter. These hydrographs show monthly est imates  

of Delta outflow required by cont ro l l ing  water qua l i ty  standards 

and carr iage water requirements f o r  each a l t e r n a t i v e  i n  each year  

type. The months i n  which the water qual i ty  standards and car r iage  

water requirements are  l i k e l y  t o  be met by uncontrolled flows a re  

indicated on the hydrographs. These -hydrographs have been &ed 

extensively i n  the evaluation of municipal, i n d u s t r i a l  and agri-  

c u l t u r a l  environmental impacts which a re  summarized i n  Table V-1. 

However, i--:acts on SWP and CVP exportable y i e l d  cannot be derived 

d i r e c t l y  from these hydrographs. The combined exportable y i e l d  of 

the p ro jec t s  i s  determined by ca lcula t ing  the pro j ec t s l  capabi l i ty  

of meeting a given leve l  of export demands during the 1928-1934 dry 

period. This  period i s  comprised of one above normal year, two 

below normal o r  dry years, and four  c r i t i c a l  years. I n  order t o  

evaluate the impacts on yield,  the water qua l i ty  standards shown 

i n  the Figure V-1  s e r i e s  hydrographs must be superimposed on t h e  

ac tua l  r a i n f a l l ,  runof f  and storage conditions t h a t  occurred during 

1928-1934 period. The impacts on exportable y i e l d  a re  discussed i n  

d e t a i l  l a t e r  i n  t h i s  chapter. 



The Del ta  outflow required t o  s a t i s f y  each water q u a l i t y  s tandard 

i s  based on Department Exhibi ts  7 A  and 7E end information used t o  

develop Depertment Exhib i t s  8 ,  9 and 9 A .  The c o n t r o l l i n g  w a t e r  

q u a l i t y  s tandard  during each month of each t y p i c a l  water  y e a r  

type under t h e  var ious  a l t e r n a t i v e  p l ans  have been determined 

and a r e  depicted on the  Figure V-1 s e r i e s  ( a  through g). 

The es t imated outflow needed t o  meet t h e  ca r r i age  water  needs of t h e  

p r o j e c t s  (100 m g / l  ~ 1 -  a t  C l i r t on  Court.) is a l s o  shown on t h e  

Figure V-1 s e r i e s .  The information needed t o  c a l c u l a t e  ca r r i age  

water  needs ( p r o j e c t  expor t s  and San Joaquin River inflow) has  

been taken from Department operat ions  s t u d i e s  s e t  f o r t h  i n  . 

Department Exhib i t s  11-7, 11-8 and 11-10. While more cur ren t  opera- 

t i o n  s t u d i e s  a r e  ava i l ab l e  which r e f l e c t  more c lo se ly  p r o j e c t  opera- 

t i o n s  under t h e  recommended plan ( i . e . ,  Department operat ion study 

of t he  March 1978 D r a f t  Plan),  t h e  ca r r i age  water needs i d e n t i f i e d  

i n  t h i s  r epo r t  would not  be a l t e r e d  s i g n i f i c a n t l y  by use of such 

s tud ies .  This  information, i n  tu rn ,  has been converted t o  the  

needed outflow based on information used t o  develop Department 

Exhib i t s  8, 9 and 9A. The procedures used i n  es t imat ing outflow 

a r e  s i m i l a r  t o  those  used by the  Department i n  i t s  operat ions  

s tud ies .  The r e l a t i v e  e f f e c t s  of t he  var ious  a l t e r n a t i v e  plans  

on p r o j e c t  opera t ions  can thus  be viewed a s  the  d i f fe rence  between 

t h e  outflow necessary t o  meet p r o j e c t  ca r r i age  water needs and 

t h a t  necessary t o  meet t he  water  q u a l i t y  standards,  when uncon- 

t r o l l e d  flows do no t  s a t i s f y  a l l  Delta water  q u a l i t y  needs. 

Figures  V- l (a ) ,  V-l(e), and V-l( f) do n o t  include car r iege  water  

needs f o r  t he  e n t i r e  year. The a l t e r n a t i v e  plans  represented by 

these  f i g u r e s  d i f f e r  s o  r a d i c a l l y  from avaj  l a b l e  operat ions  s t u d i e s  

t h a t  r e l i a b l e  es t imates  of export  rct.es and car r iage  water needs 

could not  be made f o r  every month. V-li 



Once t h e  carr iage water needs were ident i f ied ,  t h e  Delta outflow 

required t o  meet water qua l i ty  standards i n  the  i n t e r i o r  Delta 

(Contra Costa Canal Intake and Old River a t  Rancho Del ~ i o ) ' w h i c h  

can be af fec ted  by pro jec t  export r a t e s  was determined. Based 

on Department Exhibits 8, 9 and 9 A  estimates have been made of 

t h e  incremental Delta outflows required above (or  below) t h a t  of 

the  car r iage  water needs t o  s a t i s f y  standards i n  t h e  i n t e r i o r  

Delta. The Delta outflows derived from t h i s  ana lys is  a r e  shown 

a s  a broken l i n e  i n  the  Figure V-1 s e r i e s .  The water q u a l i t y  

standards which would control  outflow regardless  of export r a t e s  

a r e  shown a s  s o l i d  l i n e s  i n  the  Figure V-1 se r ies .  

The expected Delta outflows w i t h  1980 upstream depletions, Basin 

Plan agr i cu l tu ra l  objectives (Department Exhibit 11-7) , and an t i c i -  

pated project  operations (Department operation study of the  d r a f t  

plan) are shown on Figure V-9 and tabulated i n  Table V-2. ' h k  
information from Table -q-2 has been used t o  estimate when the  

water qua l i ty  standards shown on t h e  Figure V-1 s e r i e s  would 

be met by uncontrolled Delta outflow. Those months during which 

such conditions a r e  expected t o  occur a r e  indicated with an a s t e r i s k  

on the Figure V-1 s e r i e s .  During these months pro jec t  operations 

would not be affected by water qual i ty  standards i n  t h e  Delta. 

B. ENVIRONMENTAL ANALYSIS 

Municipal and Indus t r i a l  

In  order t o  compare the  potent ia l  environmental impacts of t h e  

a l t e rna t ive  plans on r n ~ l ~ i c i p a l  and i n d u s t r i a l  uses i n  t h e  Delta, 



t h e  loca t ion  a t  which t h e  impacts would be analyzed and t h e  l e v e l  

of s a l i n i t y  needed a t  t h a t  loca t ion  had t o  be f i r s t  established. 

As indicated i n  Chapter 111, t h e  Contra Costa Canal represents  a 

common source t o  which a l l  municipal and i n d u s t r i a l  uses i n  the 

western Delta have access. I n  addi t ion t h e  need f o r  water quality .. 

of 150 m g / l  -C1 o r  l e s s  f o r  sa l t - sens i t ive  municipal and i n d u s t r i a l  O 

uses i n  t h e  western Delta is s e t  f o r t h  i n  Chapter IV. Thus, the  

number of days during each hydrologic year type t h a t  150 m g / l  -C1 

would be avai lab le  a t  t h e  Contra Costa Canal intake has been 

determined. The Figure V-1 s e r i e s  has been used i n  t h i s  deterzpina- 

t ion.  Each month o r  port ion of the  month t h a t  t h e  Delta outflows 

would be s u f f i c i e n t  t o  achieve t h i s  q u a l i t y  have been t o t a l l e d  t o  

a r r i v e  a t  t h e  values l i s t e d  i n  t h e  "composite" columns of Table 

V-1 . 
None of t h e  a l t e r n a t i v e s  evaluated would guarantee ("standard 

onlyw columns) 150 m g / l  chlor ide o r  b e t t e r  a l l  year during any 

year type. However, as indicated i n  Table V-1, Alternatives I A  and 

I B  would provide such water qua l i ty  more of ten than any of the  

o the r  a l t e r n a t i v e s  evaluated. 

As might be expected, conditions a t  t h e  Contra Costa Canal Intake .. 
I 

provided by t h e  composite of a l l  standards f o r  each a l t e r n a t i v e  

plan would be subs tan t i a l ly  b e t t e r  i n  most years than t h a t  

guaranteed by t h e  individual  municipal and i n d u s t r i a l  standard 

i t s e l f .  The exception i s  Alternative I B  f o r  which conditions 

would not d i f f e r  from those required by the  standard alone. 



I n  Alternat ives  I I A ,  I I B  'and I V ,  the conditions f o r  wet, above 

normal and below normal years  and dry years  with subs tan t i a l  

carryover storage would be b e t t e r  than those required by t h e  

municipal and i n d u s t r i a l  standard alone f o r  about one t o  th ree  

months of such years. I n  dry years without subs tan t i a l  carryover 

s torage and i n  c r i t i c a l  years, conditions a t  the  Contra Costa 

Canal Intake would r e f l e c t  more c lose ly  the  individual  standard . 

establ ished t o  pro tec t  sa l t - sens i t ive  municipal and i n d u s t r i a l  

uses a t  t h i s  location. Although Alternat ives  I I A ,  I I B  and I V  

d i f f e r ,  the  impacts on municipal and i n d u s t r i a l  uses  shown under 

the wcomposite of standardsw column of Table V-1 would be t h e  same. 

Figures V- l (  c) V-I( d) , and V-1(g) indica te  how the  standards of 

these a l t e rna t ives  i n t e r a c t  t o  r e s u l t  i n  similar impacts. 

The impacts on municipal and i n d u s t r i a l  uses  of the  composite 

standards of Alternat ives  I A ,  I I I A  and I I I B  could not be evaluated 

since complete' operation s tud ies  on these a l t e rna t ives  were not 

available.  However, condiLions under Alternat ives  I A ,  I I I A  and 

I I I B  would be a t  l e a s t  a s  good a s  those required by the  standard 

alone a s  shown i n  the "standard onlyw columns of Table V-1. 

Municipal and i n d u s t r i a l  users  from the Contra Costa Canal have , 

expressed concern regarding the possible  increased cos t s  t o  two 

paper indus t r i e s  which require low s a l i n i t y  process water (150 m g / l  

chloride o r  less) ,  interference with municipal and i n d u s t r i a l  water 

treatment processes, reduced reclamation potent ia l ,  increase sal in-  

i t y  impact t o  a g r i c u l t u r a l  crops, e f fec t s  on sa l t - sens i t ive  land- 

scape plants ,  and possible impact on human heal th  ( r e l a t e d  t o  

increased sodium and trihalomethane l eve l s ) .  



. . 
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Xn order t o  quant i fy possible  impacts r e l a t ed  t o  these concerns, . . 

a de ta i l ed  technica l  ana lys i s  i s  needed comparing the e f f e c t s  

of the  recommended plan (Alternat ive IV) with those of the "no 

action" a l t e r n a t i v e  (IB). Such analys is  requires  a s  input  I 

C 

prec ise  est imates  of r e su l t ing  water qua l i ty  under both al terna-  

t i v e s  a s  well. a s  economic data  on the  e f f e c t s  of varying water 

qual i ty .  

The water q u a l i t y  determination would include not only the  e f f e c t s  

of the  composite of a l l  standards under both a l t e rna t ives ,  but 

a l s o  the  benef i c i a l  e f f e c t s  of expected uncontrolled flows and . 

projec t  carr iage water. However, it has not been possible  with 

avai lab le  analy t ic  t o o l s  to. quant i fy accurately the  r e su l t ing  

water q u a l i t y  a t  the  Contra Costa Canal Intake. Various agencies ~. 

including the Contra Costa County Water D i s t r i c t  have been con- 

s u l t e d  t o  obtain the  bes t  ex i s t ing  technica l  methods f o r  predic t ing  

water qua l i ty  a t  the  canal intake. Based on analys is  of avai l -  

able  information i n  the  record and current  methodology, the re  i s  

not s u f f i c i e n t  knowledge t o  predic t  accurately long-term water 

q u a l i t y  conditions a t  the  canal intake. The current  predict ive 

methods a re  based primarily on ex i s t ing  water qua l i ty  conditions, 

' expected p ro jec t  operations, and a  good dea l  of judgment. These . .  .. . 

methods a r e  use fu l  only f o r  short-term project ion (up t o  s i x  months) - 
of Contra Costa Canal Intake qual i ty .  Notwithstanding t h i s ,  current  

I 

knowledge does permit a  q u a l i t a t i v e  assessment a s  described below 
1 

which does provide an indica t ion  of maximum s a l i n i t y  l e v e l s  expected - 

each month under both a l t e rna t ives .  



I n  wet and normal years  under the "no act ionw a l t e r n a t i v e  water 

q u a l i t y  would l i k e l y  remain below 50 m g / l  ~ 1 -  through May o r  

June due t o  uncontrolled f LOWS and could then increase t o  a 

maximum monthly mean of around 170 m g / l  chlor ide from July 

through October. Chloride concentrations could exceed 50 m g / l  
. , 

during the  winter a s  a r e s u l t  of s a l t s  being leached from the  

surrounding a g r i c u l t u r a l  lands. The July through October maxi- 

mum during wet and normal years  r e s u l t s  from t h e  Basin 5B Plan 

Chipps I s l and  standard of 4,000 m g / l  C1- and the  carr iage water 

necessary t o  maintain p ro jec t  operat ional  water qua l i ty  require- 

ments a t  the  SWP and CVP export pumps. Maintenance of the  car r iage  

water requirement a t  the export pumps (100 m g / l  C1- f o r  the  SWP) 

would r e s u l t  i n  approximately 170 mg/l C1- a t  t he  Contra Costa 

Canal Intake. Water q u a l i t y  a f t e r  October during wet and normal 

years under the "no act ionw a l t e rna t ive  would not  exceed 100 m g / l  

~ 1 -  because of Basin 5B Plan water qua l i ty  standards f o r  the  canal 

intake. Under the recommended plan, water qua l i ty  i n  wet o r  normal 

years would l i k e l y  s t a y  below 50 mg/ l  C1- through July and increase 

t o  170 m g / l  C1-  i n  September and would probably remain a t  t h a t  

l e v e l  through December. 

I n  dry years  both a l t e r n a t i v e s  would l i k e l y  r e s u l t  i n  water qua l i ty  

below 50 mg/l C1-  i n  January through March and between 50 m g / l  ~1-  

and 100 mg/l C1- i n  April  and May. Water qua l i ty  under the'"no 

act ionw a l t e rna t ive  could increase t o  170 m g / l  C1- by June through 

September and decrease t o  100 mg/l C1- i n  October through December. 



Water qua l i ty  under t h e  recommended plan could increase t o  

170 m g / l  C1- by August and general ly  s tay  a t  t h i s  l e v e l  f o r  

the  remainder of t h e  year  with a  possible dip i n  qua l i ty  i n  

October. 

I n  c r i t i c a l  years  water q u a l i t y  under the  "no act ionw al terna-  

t i v e  would remain a t  o r  below 100 m g / l  C1- through June. It 

would l i k e l y  then increase l;o 170 m g / l  C1- i r i  J u l y  t h r o u ~ h  

August, decrease t o  o r  below 100 m g / l  C1- i n  October and 

November and increase again i n  December. Under the recommended 

plan the water q u a l i t y  would l i k e l y  remain below the  150 m g / l  

chloride l e v e l  f o r  a  l i t t l e  more than the  f i r s t  f i v e  months of 

the  year  and then increase t o  170 m g / l  C1- f o r  the  remainder 

of the  year. Periodic drops i n  qua l i ty  below 100 m g / l  could 

occur i n  some months, p a r t i c u l a r l y  April. 

The general t r end  i n  wet, normal and dry years is  t h a t  conditions 

would s t a y  b e t t e r  under the  recommended plan than under the  "no 

actio.nw a l t e r n a t i v e  f o r  a  longer period i n t o  the  summer but would 

l i k e l y  be l e s s  favorable i n  the  f a l l  and ea r ly  winter. However, 

even i n  the  f a l l  and winter monthly conditions under t h e  recom- 

mended plan would be b e t t e r  than 170 mg/ l  chlorides.  C r i t i c a l  

years  under the  recommended plan would generally r e s u l t  i n  worse - 
water q u a l i t y  i n  a l l  months with expected maximum monthly 



A s  previously  ind ica ted ,  ' t echnica l  a n a l y s i s  of t h e  economic 

e f f e c t s  of t h e  recommended p l an  r equ i r e s  no t  only a p rec i se  

p red ic t i on  of water  q u a l i t y  condi t ions ,  bu t  a l s o  d e t a i l e d  

economic data,  which i s  not ava i lab le .  However, based on the 

above q u a l i t a t i v e  a n a l y s i s  of s a l i n i t y  condi t ions ,  it appears 

t h a t  l i k e l y  adverse environmental impacts would be l i m i t e d  t o  

c r i t i c a l  years.  Increased s a l i n i t y  between t h e  50 and 170 m g / l  

C1- l e v e l  of t he  respect ive  a l t e r n a t i v e s ,  t he  l a r g e s t  expected 

d i f fe rence  i n  any month during c r i t i c a l  y e a r s  under t h e  recom- 

mended plan, could r e s u l t  i n  a d d i t i o n a l  water  t reatment  c o s t s  

due t o  h igher  concentra t ions  of  ch lor ide  and r e l a t e d  ions ,  ' 

increased corrosion p o t e n t i a l ,  h igher  energy conswpt ion  f o r  

water  treatment,  decreased water  reclamation po ten t i a l ,  and o t h e r  

poss ib le  costs .  A s  l e v e l s  exceed 150 m g / l  chlor ide ,  t h e  two paper  

i n d u s t r i e s  would experience add i t i ona l  c o s t s  t o  demineralize t h e  

water  ( see  Chapter 111). Crown Zellerbach es t imated t h a t  i nc reases  

from 150 t o  250 m g / l  ch lor ide  on a y e a r r o u n d  b a s i s  would increase  

m i l l  operat ing c o s t s  by $200,000 (RT Vol. XXX, p. 93). However, 

the  impact of t h e  recommended plan on t h e  paper i n d u s t r i e s  would 

be only t h a t  experienced during a p a r t  of c r i t i c a l  yea r s  when t h e  

150 m e / l  Cl- l e v e l  i s  cxcceded a s  a r e s u l t  of s a l i n i t y  l e v e l s  of 

up t o  ( b u t  not  exceeding) 170 mg/l ~1-. Therefore, t h e  impact 

would be considerably l e s s  than t h a t  i nd i ca t ed  by Crown. The 

e f f e c t  on Fibreboard's  operat ing c o s t s  would l i k e l y  be somewhat 

h igher  than t h a t  on Crown due t o  Fibreboard's  g r e a t e r  use of 

demineralizers. 



An important aspect of any economic evaluation of impacts of 

the  two a l t e r n a t i v e s  i s  whether the  standards can be met. The 

recommended plan, unl ike the "no action" a l t e rna t ive ,  would be 

capable of maintaining standards i n  c r i t i c a l  years. A s  was 

shown i n  1977 the "no act ionw a l t e rna t ive  could not do tha t .  

Based on information from the  University of Cal i fornia  Guidelines 

f o r  In te rp re ta t ion  of Water Qua l i ty  f o r  Agriculture (U. C. Exhibit .  

I), it appears t h a t  some crops exhib i t  spec i f i c  ion  t o x i c i t y  f o r  

chloride. Most t r e e  crops and woody ornamentals a re  sens i t ive  t o  

chloride and sodium. The guidel ines  show t h a t  chloride presents  

no problems due t o  root absorption i f  the  concentration i s  l e s s  

than 142 m g / l ,  but t h a t  increasing problems w i l l  occur if the  

concentration is  from 142-3 5 5 m g / l ,  while severe problems r e s u l t  

i f  the  concentration i s  g rea te r  than 355 mg/l. A problem can a l s o  

e x i s t  with these crops when spr inklers  a re  used and i r r i g a t i o n  

water contacts  the  fo l iage  when the chloride concentration exceeds 

106 m g / l .  

The recommended plan ( ~ l t e r n a t i v e  IV) a s  .opposed t o  "no act ionm 

( ~ l t e r n a t i v e  IB), would generally enhance water qua l i ty  during 

the i r r i g a t i o n  season i n  a l l  except c r i t i c a l  yesrs. Though the  . . 

chloride l e v e l  does at times exceed the "no problem" l e v e l  during . 
wet, normal and dry years  f o r  both root and fo l iage  absorption, 

chloride l e v e l s  r e su l t ing  from the  recommended plan a re  lower . - 

than i n  the  "no action" a l t e r n a t i v e  except from October t o  

December. 



The chloride l e v e l s  i n  c r t t i c a l  years under the  recommended 

plan generally exceed those i n  the  "no ac t ionw a l te rna t ive .  

Therefore, impacts i n  the  form of decreased crop y ie lds  would 

be expected. The a g r i c u l t u r a l  acreage within the  service area 

. . of CCCWD is  l e s s  than 3,000 acres. The major port ion of t h i s  
. . , . 
. - acreage is i n  t r e e  crops, so some adverse e f f e c t s  due t o  the  

chloride l e v e l s  could occur. Quant if icat ion.  of these impacts 

from the  evidence presented a t  the  hearing i s  not possible. 'How 

ever, the  po ten t i a l  detriments experienced i n  c r i t i c a l  years  could 

b e . p a r t i a l l y  o f f s e t  by expected benef i t s  from enhanced water 

qual i ty  i n  other  years. 

The same impacts would apply t o  the  woody ornamentals a s  t o  

the  t r e e  crops except t h a t  some of the  ornamentals could receive 

water during the  months of October through December when conditions 

under the "no act ionw a l t e rna t ive  would r e s u l t  i n  chloride l e v e l s  

l e s s  than the  recommended plan. The p l a n t s  i n  general should have 

very low evapotranspiration during these months. Therefore, the  

increase i n  chlorides during these months should have a minimal 

e f fec t .  

The Municipal and I n d u s t r i a l  Use sect ion of Chapter I11 contains 

a discussion on trihalomethanes and the  proposed EPA regulat ions 

t o  cont ro l  organic compounds i n  drinking supplies. EPA' s 

regulat ions c a l l  f o r  the i n s t a l l a t i o n  of spec i f i c  water treatment 

f a c i l i t i e s  by water purveyors t o  remove organic compounds. Only 



those water agencies that . c l e a r l y  demonstrate t h a t  t h e i r  water 

uses a r e  not subjected t o  c e r t a i n  l e v e l s  of organic compounds 

a r e  exempt. 

A s  s a l i n i t y  increases  a t  the  Contra Costa Canal Intake above 
** I 

c e r t a i n  leve ls ,  a group of organic compounds ca l l ed  t r iha lo-  

methanes a re  formed during t h e  water treatment process. The 

f a c t o r s  necessary f o r  t h e i r  formation above the  proposed EPA I 
l i m i t  appear t o  be increased s a l i n i t y  and organic mater ial  i n  

the  raw water supply. Since the  organic precursors t o  the  I 
formation of trihalomethanes a re  na tura l ly  present i n  the  Delta, I 
concern has focused on ocean derived s a l i n i t y .  For over one- I 
t h i r d  of the  year  the  Basin 5B Plan did not provide f o r  water 

of su f f i c i en t ly  low s a l i n i t y  a t  the  Contra Costa Canal Intake 

t o  meet EPA's proposed c r i t e r i a .  Therefore, under the  "no action1@ 

a l t e rna t ive ,  t h e  Contra Costa County Water D i s t r i c t  would have 

been required t o  implement the  required treatment. This w i l l  

a l s o  be t h e  case under t h e  recommended plan. Therefore, the  I 
recommended plan would have no s ign i f i can t  adverse impact on I 
the  D i s t r i c t  r e l a t ed  t o  trihalomethanes. 

The D i s t r i c t  i s  current ly  evaluating the  extent  of the  t r iha lo-  

methane problem i n  the Delta, various a l t e rna t ive  treatment - -  1 
processes, and o ther  means t o  meet &PA1s proposed regulation. . w 

Preliminary information suggests t h a t  i f  t he  trihalomethane 
, . 

standard i s  revised downward ( a s  expected) the high organic 

content of Delta waters w i l l  require extensive treatment f o r  



organic compounds regardless  of s a l i n i t y .  The Board w i l l  work 

closely with a l l  agencies concerned with t h i s  problem t o  assist 

them i n  ident i fy ing  the extent  of t h i s  na tu ra l  water qua l i ty  

r e l a t ed  problem. 

Impacts on human heal th  from increased sodium l e v e l s  do not appear 

l ike ly .  Persons on extremely r e s t r i c t e d  sodium d i e t s  must con- 

s t a n t l y  be aware of t h e i r  sodium intake. If  such s m a l l  changes 

i n  sodium l e v e l s  i n  drinking water (approximately 30 t o  100 mg/l 

~ a + )  would a f f e c t  t h e i r  health,  t h e i r  physician would necessar i ly  

have t o  be aware of these changes t o  advise a  decrease i n  o ther  

sources of sodium intake (reduced use of s a l t )  so t h e  t o t a l  

d ie tary  sodium intake would remain within the  necessary l i m i t s  

f o r  t h a t  individual.  Therefore, the key i s  knowledge of the  

sodium l e v e l s  i n  drinking water, not necessar i ly  t h e  l e v e l  i t s e l f .  

The chloride l eve l s  of both plans are  well  within the recommended 

c r i t e r i a  of EPA. 

The s ign i f i can t  impacts t h a t  a re  expected t o  occur a s  a  result of 

the recommended plan a re  based on the  assumption t h a t  t h e  p ro jec t s  

w i l l  meet t h e i r  contractual  water qua l i ty  commitments ( f o r  the  SWP 

approximately 100 mg/l ~ 1 -  a t  the SWP pumps). I n  extreme condi- 

d i t ions  of water shortage, the pro jec t  water users  might urge a  



r e l axa t ion  of t h i s  q u a l i t y  requirement i n  o rder  t h s t  l a r g e r  

q u a n t i t i e s  of water  could be exported and de l ivered  t o  them. 

Whether t h i s  i s  allowed would depend 01-1 t h e  p r o j e c t ' s  a b i l i t y  
- m 

t o  s a t i s f y  S t a t e  and f e d e r a l  environmental requirements. If t h i s  . 
should happen, t he  impacts descr ibed above f o r  a  c r i t i c a l  yea r  

. . . . 

would be more dramatic. It should be noted  t h a t  with the  "no + 

act ion"  a l t e r n e t i v e   asin in 5B P lan )  i n  o f f e c t  and t h e  occurrence 

of c r i t i c a l  yea r s  (1976 and 19771, emergency a c t i o n s  were required 

by the  Board. The water  q u a l i t y  a t  the  Contra Costa Canal In take  

r e s u l t i n g  from these  required emergency a c t i o n s  was f a r .  worse 
. . 

than t h a t  which would be expected under t he  recommended plan 

even i f  t h e  p r o j e c t s  re laxed t h e i r  carr lagc water commitments. 

Agricul ture  

A comparative a n a l y s i s  of environmental impacts on Del ta  agr i -  

cu l tu re ,  shown i n  Table V-1, has been made f o r  t h e  western and 

i n t e r i o r  Delta. Environmental impacts on cor thern  and southern 

Del ta  a g r i c u l t u r e  have not  been inves t iga t ed  i n  d e t a i l  s ince  i n  

the  nor thern Del ta  no adverse impacts wou1.d r e s u l t  from any of 

t he  a l t e r n a t i v e  p l ans  considered and i n  t h e  southern Del ta  t he  

impacts would be t he  same under a l l  of t h e  a l t e r n a t i v e  p lans  

evaluated.  



Potent ia l  impacts on western and i n t e r i o r  Delta ag r i cu l tu re  have 

been assessed by estimating t h e  q u a l i t y  of in-channel water  suppl ies  

during t h e  major portion of t h e  i r r i g a t i o n  season (April 1 through 

August 15). The re l a t ionsh ip  between applied water s a l i n i t i e s  and 

agr i cu l tu ra l  crop y ie lds  is discussed i n  Chapter 111. 

Department Exhibits 7B, 8 and 9 have been used t o  estimate t h e  

r e s u l t i n g  mean s a l i n i t i e s  under the  a l t e r n a t i v e  plans each month 

f o r  locat ions i n  t h e  western and i n t e r i o r  Delta. These monthly 

s a l i n i t i e s  have been weighted according t o  t h e i r  length of occur- 

rence and averaged f o r  the  period April 1 through August 15. The 

average s a l i n i t i e s  have then been assigned a ranking from 10 t o  1. 

The ranking increases  i n  increments of 0.15 mmhos EC within a range 

of 0-45 t o  1.65 mmhos EC. These rankings a r e  intended t o  represent  

l e v e l s  of hardship which would be experienced by Delta ag r i cu l tu re  

i f  water of t h a t  pa r t i cu la r  qua l i ty  were used. The rank of 10 

corresponds t o  t h e  lowest EC value (0.45 mrnhos EC) indica t ing  the  

l e a s t  impact on agr icul ture ,  and t h e  rank of 1 corresponds t o  t h e  

t ~ i  KII  v:-; t EC v n l  t i t>  ( 1 . O 1 b  rnralln:: EC) intiica Ling t h e  g rea tes t  impact. 

Therefore, a higher number of ranking would be more des i rable  f o r  

Delta ag r i cu l tu ra l  production than a ' lower number. The ranges of 

e l e c t r i c a l  conductivity and t h e  corresponding numerical rankings 

a r e  shown i n  Table V-1. 



The two loca t ions  se lec ted  f o r  cvaluatior, of s a l i n i t y  conditions 

a r c  t h e  Sacramento River a t  Ernmaton for the western Delta and 

Old River a t  Rancho Del Rio f o r  the i n t e r i o r  Delta. The areas  

i n  t h e  Delta whose water q u a l i t y  i s  generally represented by 

these  two loca t ions  a r e  shown i n  Figure V-3. The rankings shown , 

i n  Table V-1 represent  the  general s a l i n i t y  avai lab le  t o  t h e  

spec i f ic  a reas  f o r  each year type under the  various a l te rna t ives .  

111 order t o  f a c i l i t a t e  t h e  r!vnltrnl,ior~ ol' cor~~par*aLiv~: irt~pacl:;, 

some measure of t h e  cen t ra l  tendency of the  values f o r  each 

a l t e r n a t i v e  was needed. The median of t h e  values f o r  t h e  various 

year types of each a l t e r n a t i v e  has bein se lec ted  t o  represent  t h i s  

c h a r a c t e r i s t i c  and is shown i n  Table V-1. 

A comparison of the  "standard onlyt' columns of Table V-1 i l l u s -  

t r a t e s  the  r e l a t i v e  inadequacies of t h e  so-called November 19, 

1965 c r i t e r i a  contained i n  the  no ac t ion  Alternative ( I A  and IB) 

i n  protect ing Delta agr icul ture .  Table V-1 f u r t h e r  points  out 

t h a t  previous standards did not ensure protect ion of Delta 

ag r i cu l tu re  t o  t h e  extent  t o  which it is now believed t o  be 

en t i t l ed .  Thus, the re  i s . a  compelling need t o  modify ex i s t ing  

a g r i c u l t u r a l  standards. 

The'bomposite of standards"' columns of Table V-1 indica te  t h a t  

conditions f o r  ~ e l t a  ag r i cu l tu re  under the  various a l t e r n a t i v e s  

would be b e t t e r  than those required by the  ag r i cu l tu ra l  standards 

alone. I n  some instances,  t h i s  improvement would be subs tant ia l ,  

a s  i n  t h e  western Delta under Alternat ivc I I B  during c r i t i c a l  
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years and i n  a l l  of t h e  s l t e n u t i v e s  f o r  c r i t i c a l  years. I n  addi- - 

. - 
t ion ,  conditions i n  the  i n t e r i o r  Delta, a s  represented by Old i - 

River a t  Rancho Del Rio, would be b e t t e r  than those i n  the  western 
. . 

Delta s ince the  i n t e r i o r  Delta is  located f u r t h e r  from the  
".. a 

influence of ocean wat,cn zaltIs. . 

Alternative IIA has t h e  same comparative impact on Delta agricul-  

t u r e  under t h e  "standards .onlyw column a s  Alternative I I B ,  even 

though th'e ag r i cu l tu ra l  standards of these  a l t e rna t ives  d i f f e r .  

The difference i n  the  standards is s ign i f i can t  i n  t h a t  Alternat ive 

I I B  requires  low s a l i n i t y  ear ly  i n  t h e  i r r i g a t i o n  season followed 

by higher s a l i n i t y  l a t e r  i n  the  i r r i g a t i o n  season whereas 
. . 

Alternative I I A  requi res  a uniform maximum s a l i n i t y  throughout 

the  i r r i g a t i o n  season with a weighted average s a l i n i t y  equivalent . . 

t o  t h a t  of Alternative I I B .  However, both of these  a l t e rna t ives  

have d i f f e r e n t  impacts on Delta ag r i cu l tu re  during dry and c r i t i c a l  

years based on a comparison of t h e  co l l ec t ive  e f fec t  of a l l  stand- 

a rds  under each a l t e rna t ive .  During c r i t i c a l  years s a l i n i t y  i n  

the  western ~ e l t a  would not be required t o  be l e s s  than t h a t  

shown i n  rank 1 by e i t h e r  of these alternatives. Table V-1 shows 

t h a t  under Alternative I I A  w i t h  t h e  "composite" standards and 

expected car r iage  water requirements impacts would f a l l  within - 1 
rank 4. - 

However, a s  indicated i n  Table V-1 ur~dcr. Alternative I I B ,  agricul-  

t u r a l  i n t e r e s t s  would receive not only low s a l i n i t y  ear ly  i n  t h e  

i r r i g a t i o n  season, but car r iage  water requirements and other  



standards would a l so  provide lower s a l i n i t y  i n  t h e  l a t t e r  portion 

of the  i r r i g a t i o n  season than t h a t  required by t h e  ag r i cu l tu ra l  

standards. Thus, Alternative I I B  (with a  rank of 8) would provide 

grea ter  protection t o  Delta agricul ture .  Incidental  

protect ion a l so  occurs t o  a  l e s s e r  extent  i n  dry years. 

The impacts on Delta agr icul ture ,  i d e n t i f i e d  i n  t h i s  chapter, 

a re  based on the  appl icat ion of ce r t a in  average s a l i n i t i e s  t o  

t h e  s o i l  over long periods of time. There is  not s u f f i c i e n t  infor- 

mation avai lab le  t o  quan t i t a t ive ly  iden t i fy  any d i f ference  i n  

impacts between applying low amounts of salts during t h e  beginning . 

of the  i r r i g a t i o n  season followed by higher amounts of sal t  l a t e r  

(Alternat ive IIB), and applying the  same amount of salts a t  an 

even r a t e  throughout t h e  i r r i g a t i o n  season (Alternat ive IIA) . 
However, the  applicatioli  of low s a l i n i t y  water ea r ly  i n  t h e  irri- 

gation season probably would be more benef ic ia l  than an equivalent 

average s a l i n i t y  applied throughout t h e  i r r i g a t i o n  season. Also, 

a s  indicated i n  Chapter 111, water of low s a l i n i t y  has been avai l -  

ab le  h i s t o r i c a l l y  during the  beginning of the  i r r i g a t i o n  season 

even i n  the  d r i e s t  of years. In  view of t h e  above, the  agricul-  

t u r a l  standards requi r ing  low s a l i n i t y  e a r l y  i n  the  i r r i g a t i o n  

seasori a re  believed 1.0 more benef ic ia l  t o  Delta agricul ture .  

The agr i cu l tu ra l  standards - i n  Alternatives I I I A  and I I I B  a r e  t h e  

same as those i n  Altcrnat,ive I I R .  Alternative IV agr icu l tu ra l  

standards a re  the  same as  those of Alternative I I B  i n  non-crit ical  



years ,  and Al t e rna t ive  IIA i n  c r i t i c a l  years .  I n  view of t h e  

s i m i l a r i t y  of t h e  a g r i c u l t u r a l  s tandards ,  t he  above d i scuss ion  
. . . . 

would a l s o  apply t o  A l t e rna t ive s  I I I A ,  I I I B  and I V .  - .  . . : .. . 
. . .. . - *  .. . .. . . ' .. 

Table V-1 shows t h a t  t h e  i n d i v i d u a l  a g r i c u l t u r a l  s t andards  of . . . .. . 
m . . , . - *  

t he  recommended p l an  provide f o r  g r e a t e r  p r o t e c t i o n  t han  those  

of t h e  "no. action1' a l t e r n a t i v e .  Also, shown i n  Table V-1 a r e  

t he  composite e f f e c t s  of t h e  var ious  a l t e r n r t i v e  p l ans  which 

include t h e  umbrella p r o t e c t i o n  provided by o t h e r  s tandards  and 

p r o j e c t  c a r r i age  wate r  needs. A comparison of t he se  composite 

e f f e c t s  shows t h a t  western and i n t e r i o r  Del ta  a g r i c u l t u r e  would 

receive  g r e a t e r  p ro t ec t i on  under t h e  reconlrnended p l an  i n  a l l  yea r s  

except  c r i t i c a l  years.  I n  c r i t i c a l  yea r s  t h e  composite p ro t ec t i on  : 

under t h e  recommended plan would be l e s s  than t h a t  of  t h e  "no 

act ion"  a l t e r n a t i v e .  Even though t h e  r e s u l t i n g  economic impact 

of t h i s  c r i t i c a l  y e a r  decrease cannot be quan t i f i ed ,  it has t h e  

p o t e n t i a l  of being a s i g n i f i c a n t  economic impact of t he  recommended 

plan. 

F i sh  and Wi ld l i f e  

Research by F i sh  and Game on t h e  environmental needs of f i sh  and 

w i l d l i f e  resources  i n  t h e  Delta and Suisun Marsh has  genera l ly  

focused on c e r t a i n  key species .  As discussed in Chapter 111, 
P 
* . - t h e  information necessary f o r  a  d e t a i l e d  eva lua t ion  of p o t e n t i a l  

environmental impzcts i s  ava i l ab l e  or.ly f o r  a  few spec i e s  i n  t he  



Delta and Suisun Marsh. Therefore, the  environmental impact , 

sis f o r  f i s h  and w i l d l i f e  concentra tes  on these  key species.  

e r ,  t he  informatior1 presented provides a s u f f i c i e n t  balse 
n 

which the  r e l a t i v e  impacts of t h e  a l t e r n a t i v e  p lans  can be 

- 

c t s  of f i s h  and w i l d l i f e  have been evaluated i n  d e t a i l  

ummarized on Table V-1. These a r e  impacts on s t r i p e d  

ing,  s t r i p e d  bass  surv iva l ,  salmon migration and 

sh  waterfowl food suppl ies .  The water q u a l i t y  

esigned t o  p r o t e c t  these  s p e c i f i c  environmental 

r e  a l s o  expected t o  b e n e f i t  o t h e r  spec i e s  a s  well.  

d i n  Chapter 111, high sp r ing  and e a r l y  summer outflows 

h low export  r a t e s  b e n e f i t  o t h e r  f i s h  i n  add i t i on  t o  

s and salmon. Spring and e a r l y  summer i s  t h e  spawning 

on per iod of many spec i e s  of f i s h  &ich  presumably 

t o  t h e  natural high flows and, thus ,  more suscep t ib le  

c t s  of high exports  occurr ing during t h i s  period. A 

discusion of t he  recommended plan impacts on o the r  

f i s h e r y  resources i s  presented below. 



The needs of w i l d l i f e  species  found i n  Suisun Marsh and the  Delta, 

o ther  than waterfowl, a r e  a l s o  discussed i n  Chapter 111. This 

discussion indica tes  t h a t  r a r e  and endangered species would not 

be adversely af fec ted  by any of t h e  a l t e rna t ives  under considera- 
II 

t ion.  Therefore, t h e  impacts on waterfowl food suppl ies  i s  suffi- 

c i e n t  t o  a sce r t a in  po ten t i a l  environmental impacts on Suisun Marsh. Y 

I n  a l l  cases, t h e  impacts t o  f i s h  and w i l d l i f e  resources have been 

evaluated from two perspectives. F i r s t ,  t h e  protect ion t h a t  would 

be provided s o l e l y  from t h e  s p e c i f i c  f i s h  and w i l d l i f e  standard - 

and second, t h e  protect ion t h a t  would - h c :  pr-ovided from t h e  composite 

of standards i n  each a l t e r n a t i v e  plan. The l a t t e r  includes t h e  

benef i t s  due t o  car r iage  water needs of the  pro jec ts  and expected 

uncontrolled flows. 

S t r iped  Bass Spawning. A s  discussed i n  Chapter I11 s t r i p e d  bass 

spawning on t h e  San Joaquin River system is r e l a t e d  t o  t h e  s a l i n i t y  

of the  water a t  t h e  t ime of spawning. Histor ical ly ,  maximum su i t -  

ab le  s a l i n i t y  l i m i t s  f o r  t h e  downstream end of t h e  San Joaquin 

River have been es tabl i shed  a s  1 . 5  mrnhos EC a t  Antioch (see Delta 

Plan Table B-1) with spawning usual ly  occurring upstream t o  Venice 

I s l and  (approximately 17  r i v e r  miles from ~ n t i o c h ) .  

Table V-1 ind ica tes  the  miles of s u i t a b l e  spawning areas  along 

t h e  San Joaquin River f o r  each a l t e rna t ive ,  which represent  t h e  

dis tance along t h e  San Joaquin River from Venice Is land t o  t h e  



approximate l o c a t i o n  of t h e  1.5 mmhos EC s a l i n i t y  contour. T h e s e  

es t imates  a r e  based on information from Department Exhibi t  11-9. 

Many of t h e  a l t e r n a t i v e  p lans  evaluated (IA, I B ,  I I I A  and IIIB) 

would r equ i r e  t h a t  t h e  1 . 5  mmhos EC move no f u r t h e r  upstream 

than Antioch. The est imated outflow requi red  t o  maintain t h e  

1.5 mmhos EC a t  Antioch is  6700 c f s  (Department Exhibi t  11-9, 

Attachment 3). The o ther  a l t e r n a t i v e  p lans  (IIA, I I B  and IV) 

provide f o r  r e l axa t ion  of t h i s  condition-when accompanying 

de f i c i enc i e s  i n  f i r m  supp l i e s  t o  CVP and SWP u s e r s  a r e  taken. 

The impacts of t h e  var ious  a l t e r n a t i v e  p lans  on s t r i p e d  bass  

spawning a r e  extremely d i f f i c u l t  t o  a s se s s  s i n c e  t h e  a c t u a l  

e f f e c t s  of exceeding t h e  1.5 rnrnhos EC l i m i t  a r e  uncer ta in .  S t r i p e d  

bass have a pronounced tendency t o  r e t u r n  t o  t h e  same spawning a r e a  

each year. Thus, occasional  occurrences of l e s s  than optimum 

s a l i n i t i e s  might have l i t t l e  e f f e c t  on s t r i p e d  bass. However, 

prolonged occurrence of t hese  same s a l i n i t i e s  could gradual iy  

reduce spawning i n  t h e  a r ea  due t o  accumulative e f f e c t s  of e i t h e r  

small d i f f e r ences  i n  su rv iva l  o r  migratory preferences  (Fish and 

Game Exhibi t  3, p. 111-18). Current research  involving t h e  1977 

s t r i p e d  bass  spawning season by F ish  and Game w i l l  he lp  c l a r i f y  

a t  l e a s t  t h e  short-term impacts of dramat ical ly  exceeding 1.5 

mrnhos EC s a l i n i t y  1 ( ~ f l l : -  . 

I n  Department Exhibi t  11-9, t he  approximate l o c a t i o n  of t h e  1.5 

mmhos EC contour on the Sacramento River is  ind ica ted  under 

di . f  f erinp: export  def  -i c-i e n c i  es ( R T  Vol . XXII, pp. 914-100) . The 



pred ic t ions  a r e  based on computer models developed by t h e  Depart- 

ment s p e c i f i c a l l y  f o r  t h e  Sacramento River. These computer models 

do not  include t h e  e f f e c t s  of p r o j e c t  export  r a t e s .  Unlike t h e  

Sacramento River, c e r t a i n  a r e a s  along t h e  lower San Joaquin River, 

including s t r i p e d  bass spawning a reas ,  a r e  a f f ec t ed  d i r e c t l y  by 

p r o j e c t  export  r a t e s  (RT Vol. X X I I ,  p. 100). I n  s p i t e  of t h i s ,  

t h e  information i n  Exhibi t  11-9 can be used i n  ex t r apo la t ing  

s a l i n i t y  condi t ions  a long thc Sarl J o a q ~ ~  i I I  l i  iver ,  bccause t h e  

r e l a x a t i o n  provis iors  of t h e  a l t e r n a t i v e  plans r e q u i r e  a  s p e c i f i c  

s a l i n i t y  a t  Antioch on t h e  San Joaquin River. However, t h e  

est imated miles  of  s u i t a b l e  spawning f o r  t h e  San Joaquin River 

w i l l  hold t r u e  only  when t h e  s a l i n i t y  g rad ien ts  upstream of 

Antioch on t h e  San Joaquin River a r e  s i m i l a r  t o  those  pred ic ted  

by t h e  model f o r  t h e  Sacramerito River. 

Such s a l i n i t y  g rad ien t s  do not  u sua l ly  occur on t h e  San Joaquin 

River during high export  periods.  Since t h e  f reshwater  inflow 

t o  t h e  Delta from the  Sacramento River i s  much g r e a t e r  than t h a t  

from the  San Joaquin River, h igh export  r a t e s  cause t h e  s a l i n i t y  

g rad ien t  a long t h e  San Joaquin River t o  be more gradual  than  t h a t  

along the  Sacramento River. For ins tance,  during Apr i l  1977 p r o j e c t  

export  d e f i c i e n c i e s  were s u f f i c i e n t  t o  r e l a x  t h e  s t r i p e d  bass  

spawning s tandard t o  t h e  po in t  where o ther  s tandards  , cont ro l led  

Delta outflow (1000 m g / l  ~ 1 -  a t  Emmaton on t h e  Sacramento ~ i v e r ) u  
v 

- -- 

1;/ The 1977 In te r im Plan w a s  i n  e f f e c t  a t  t h i s  time. The In te r im 
Plan included r e l a x a t i o n s  t o  t h e  :-, ~ 1 . i  ped Lass spawning ob jec t ive  
propor t iona te  t o  d e f i c i e n c i e s  imposed or1 p ro j ec t  de l ive r i e s .  



Based on Department Exhibit 11-9 under these  conditions, t h e  . .  
. .. 

1.5 mmhos EC would occur near Jersey Point on the 'San Joaquin . 

River (7.5 miles upstream of Antioch o r  9.5 miles downstream 

from Venice Island).  However, t h e  1.5 mmhos EC contour during 

April 1977 was ac tua l ly  located more toward t h e  middle of Twitchell 

Island, some 3.5 miles fu r the r  upstream. Thus, a t  l e a s t  during 

April 1977, the  s a l i n i t y  gradient along t h e  San Joaquin River was  

d i f f e ren t  than t h a t  predicted f o r  the  Sacramento River by Depart- 

ment Exhibit 11-9. 

I n  order t o  improve t h e  r e l i a b i l i t y  of such estimates of s a l i n i t y  

gradients,  more accurate  predic t ive  models f o r  t h e  lower San Joaquin 

River must be developed taking i n t o  account varying export r a t e s ,  

However, t h e  values shown i n  Table V-1 a r e  s u f f i c i e n t  t o  evaluate 

the  r e l a t i v e  impacts of the  a l t e r n a t i v e  plans on s t r i p e d  bass 

spawning. 

Alternatives I A ,  IB ,  I I I A  and I I I B  requi re  m i n i m  s u i t a b l e  spawn- 

ing conditions each year from Prisoners  Point  t o  Antioch on t h e  

San Joaquin River (approximately 17 miles),  Alternatives IIA, 

I I B  and I V  allow some reduction i n  s u i t a b l e  spawning a reas  along 

the  San Joaquin River whenever def ic iencies  i n  the  f i r m  suppl ies  

a r e  taken by pro jec t  water users.  The sharing of c r i t i c a l  year 

year def iciencies  between pro jec t  water usera and f i s h  and wild- 

l i f e  resources is a reasonable approach a t  t h i s  time. However, 

a s  previously s ta ted ,  the  ac tua l  impacts on s t r i p e d  bass due t o  

these reductions i n  su i t ab le  spawning areas  a r e  uncertain. Research 

current ly  being f i n a l i z e d  by Fish and Game w i l l  provide addi t ional  

data  on these impacts. 



Str iped Bass Survival. As indicated i n  Chapter 111, t h e  survival  

of young bass through t h e i r  f i r s t  summer of l i f e  is expressed i n  

terms of t h e  St r iped  Bass Index. The analys is  of environmental 

impacts of the  various a l t e r n a t i v e  plans on s t r i p e d  bass has . 
focused on the  expected surv iva l  of young bass. The outflow/ .. 

s t r i p e d  bass re la t ionships  discussed i n  Chapter I11 provide a 
a + 

good t o o l  f o r  assessing t h e  s u i t a b i l i t y  of various environmental 

conditions i n  the  Delta during the  spr ing  and summer f o r  both 

young bass and other  young f i s h .  

The theore t i ca l  average Str iped Bass Index t h a t  occurred h i s t o r i -  

c a l l y  (1922-1967), a s  predicted from the  establ ished relat ionships,  

i s  estimated a t  106 index un i t s .  This average includes some bene- 

f i t s  and detriments t h a t  have occurred due t o  water pro jec t  develop- 

ment s ince  1945. Subtracting the  e f f e c t s  of these projects ,  using 

the  establ ished re l a t ionsh ips  and Department Exhibit 11-12, t h e  :. . 

without pro jec t  Str iped Bass Index would have averaged about 71 

index u n i t s  f o r  the  1922-1967 period. These two averages a r e  
. . . . 

extr-emely important s ince  many of t h e  a l t e r n a t i v e  plans requi re  

e i t h e r  pro jec t  mit igat ion (71 index u n i t s )  o r  t h e  maintenance of 

f i s h e r y  resources a t  h i s t o r i c a l  l e v e l s  (100 index un i t s ) .  

A s  previously s ta ted ,  the  s t r i p e d  bass projec t  mit igat ion l e v e l  

of '71 index u n i t s  i s  l i k e l y  an underestimate of without projCet 

conditions. I n  i t s  comments Fish and Game indicated t h a t  the 

3oard's ana lys is  i s  the Lest q ~ a n t i t ; l ; , i , ~ { -  hilalysis t h a t  can be 



: f '  

made of 1980 without p ro jec t  conditions a t  t h i s  time. I n  order 
, ' 

t o  ensure t h a t  t h i s  goal i s  a t ta ined ,  something higher than the  

average of 71 may have t o  be maintained i n  the  a l t e rna t ive  plans 

considered because of the  following factors:  

. The s t r i p e d  bass analys is  does not include p ro jec t  

caused losses  a f t e r  July. Mill ions of s t r i p e d  bass  

a r e  drawn t o  the  CVP-SWP f i s h  screens a f t e r  July, 

. - and food suppl ies  i n  the Delta a re  depleted by the  

d r a f t  of water t o  the  pumping plants .  Losses 

e a r l i e r  i n  the year  a r e  more s i g n i f i c a n t  than losses  

a f t e r  July, but the l a t t e r  cannot be assumed t o  be 

ins igni f icant .  

. Survival w i l l  gradually decrease a f t e r  1980 a s  reduc- 

t i o n s  i n  unregulated flow bring flows c l o s e r  t o  the 

minimums speci f ied  by the  standards. 

. Project  caused flow reductions e a r l i e r  i n  t h e  spr ing 

place s t r e s s e s  on s t r i p e d  bass. For example, a s  

indicated e a r l i e r ,  the s t r i p e d  bass spawning standard 

provides minimum ra the r  than optimum conditions, with 

addi t ional  s t r e s s  when the  dry year  relaxat ion is  i n  

e f fec t .  The amount of t h i s  s t r e s s  i s  uncertain a t  

t h i s  time. 



These f a c t o r s  could tend  t o  reduce the  s t r i p e d  bass index 

va lues  f o r  a l l  a l t e r n a t i v e s  considered. With a v a i l a b l e  da t a  

and a n a l y t i c a l  t o o l s ,  it i s  no t  pos s ib l e  t o  quan t i fy  t h e  

e f f e c t ,  i f  any, of t he se  f a c t o r s .  

Also, t h e  q u a n t i t a t i v e  a n a l y s i s  may not  adequately r e f l e c t  t h e  8 * . . .  

favorable  e f f e c t  of high f lows a v a i l a b l e  p r i o r  t o  June under 

without p r o j e c t  condi t ions .  This f a c t o r  would tend t o  i nc rea se  

t h e  s t r i p e d  bass  index value of without p r o j e c t  condit ions.  

Even though t h e  c u r r e n t  method used t d  determine without p r o j e c t  

l e v e l s  f o r  s t r i p e d  bass  l a cks  t h e  necessary - p r e c i s i o n  t o  i d e n t i f y  

f u l l y  p r o j e c t  m i t i ga t i on  r e s p o n s i b i l i t i y ,  it i s  s u f f i c i e n t  t o  

i d e n t i f y  t h e  immediate p r o t e c t i o n  t h a t  should be a f forded  t o  t he  

f i s h e r y  resource.  

I n  o rder  t o  determine t o  what ex t en t  t he  a l t e r n a t i v e  p l ans  s a t i s f y  

these  goa l s  (71 and 106 index u n i t s ) ,  environmental f a c t o r s  such 

as Del ta  outflow and Delta d ivers ion  r a t e s  f o r  each y e a r  i n  t h e  

50-year hydrologic s tudy per iod  ( 1922-1971) and the  e s t a b l i s h e d  

outf low/s t r iped bass  r e l z t i o n s h i p s  were used. May-June condi t ions  

were assumed t o  be c o n t r o l l i n g  i n  a l l  yea r s  except where May flows 

and expor t  r a t e s  = r e  such t h a t  June-July condi t ions  would undoubtedly - 6 

be con t ro l l ing .  June-July condi t ions  were genera l ly  c o n t r o l l i n g  

dur ing wet years.  The outflows used i n  t h i s  a n a l y s i s  a r e  those  



s t r i c t l y  required by the  ' s t r iped  bass surv iva l  standard and 

conditions expected t o  occur including export r a t e s  as projected 

i n  Department operation stildies. The operation s tud ies  which 

have been used a re  Department Exhibit 11-10 (Basin Plan .ob jet- : 

. . . . , . 
. - t i ves ,  1980 l e v e l  of development) f o r  Alternat ive I B  and the ' 

. . 
b .  Department's operation study of the  d r a f t  plan f o r  Alternat ives  

I I A ,  I I B  and I V .  Al ternat ives  I A ,  I I I A  and I I I B  d i f f e red  s o  

dramatically from avai lable  operation s tud ies  t h a t  the  e f f e c t s  

of these a l t e rna t ives  on s t r i p e d  bass surv iva l  could not be 

quantified. I n  each of these cases, however, t h e  impacts on 

young bass surv iva l  can be i d e n t i f i e d  qual i ta t ive ly .  

The cont ro l l ing  water qua l i ty  standards assumed i n  the  development 

of the  Department's operation study on the d r a f t  plan a re  not 

i d e n t i c a l  t o  any of the a l t e rna t ive  plans. For those a l t e r n a t i v e s  

( I I A ,  I I B  and I V )  where t h i s  operation study has been used, a p lus  

s ign (+) i s  used i n  Table V-1  t o  indica te  t h a t  addi t ional  benef i t s  

t o  s t r i p e d  bass would l i k e l y  occur because object ives  other  than 

those assumed i n  the  operations study would cont ro l  a t  higher 

outflow levels .  

The above analys is  yielded the expected St r iped  Bass Index f o r  
. a  . 

each year i n  the 50-year planning period. Each of these years  ' 
. , * .  was then categorized a s  t o  hydrologic year  type, ard the average 1 

Str iped Bass Index expected f o r  each year  type determined. The 



average S t r i p e d  Bass Index f o r  each yea r  type as well as t h e  

weighted average S t r i p e d  Bass Index f o r  t h e  e n t i r e  50-year 

per iod  a r e  shown i n  Table V-1. The determination of t h e  

S t r i p e d  Bass Index assumes t h a t  o t h e r  f a c t o r s  which in f luence  

s t r i p e d  bass  would remain t h e  same o r  t h e i r  in f luence  on s t r i p e d  

bas s  would not  change s i g n i f i c a n t l y .  

A l t e rna t ive s  I I A ,  I I B  and I V  appear t o  provide f o r  mi t i ga t i on  . . 

of p r o j e c t  impacts on t h e  f i s h e r y  s t r i p e d  bass  t o  t h e  ex t en t  t h a t  . .  . 
. . . . 

t h i s  l e v e l  of mi t i ga t i on  i s  def ined by an average S t r i p e d  Bass 
. . .  

Index of 71. 

However, as prev ious ly  ind ica ted ,  t h e  without p r o j e c t  index 

of 71  may no t  f u l l y  r e f l e c t  t he  favorable  e f f e c t  of high flows 

p r i o r  t o  June which would tend t o  increase  t h e  index, no r  do t h e  

index va lues  f o r  A l t e rna t ive s  I I A ,  I I B ,  and I V  include de t r imenta l  ' 

e f f e c t s  of high expor t s  a f t e r  J u l y  which would t end .  t o  lower t h e  

index. I n  view of t he se  two e f f e c t s ,  A l t e rna t ive  I V  comes t h e  

c l o s e s t  t o  a t t a i n i n g  without p r o j e c t  l e v e l  of p ro tec t ion .  

A ca re fu l  reading of Tablve V - 1  i n d i c a t e s  t h a t  expected average 

s t r i p e d  bass  s u r v i v a l  under A l t e rna t ive s  I I A ,  I I B  and I V  "composite 
. L 

of standards" columns would be b e t t e r  than t h a t  of t h e  "no action1* . 
Al te rna t ive s  I A  and I B .  Howevcr, t h e  levels of p ro t ec t i on  under 

A l t e rna t ive s  I I A ,  I I B  and I V  would be g r e a t e r  than  t h e  "no ac t i onm 

a l t e r n a t i v e s  i n  wet years ,  but  lower Tn d r i s r  years.  



Alternat ives  I I I A  and I I I B  would require t h a t  h i s t o r i c a l  l e v e l s  

of protect ion be provided now. A s  indicated i n  Table V-1, the  

impact of these a l t e rna t ives  on pro jec t '  export y i e l d  would be 

subs tant i s l .  However, with ex i s t ing  pro jec t  f a c i l i t i e s  the  

impact on pro jec t  export y i e l d  would be even g rea te r  t o  over- 

come the  detrimental  e f f e c t s  of the  export pumps i n  the  southern 

.Delta on the f i she ry  by providing net downstream flow i n  ' the Delta 

channels. Under Alternat ives  I I I A  and I I I B ,  the  combined exportable 

y i e l d  of the p ro jec t s  would be reduced t o  l e s s  than ha l f  of t h a t  

of . t he  "no actionv1 a l te rna t ive .  

A s  previously indicated,  the  impact on the  Delta f i shery  of Alter-  

native I A  cannot be quant i f ied with avai lab le  operation studies.  . 

However, because of the high Delta outflows required by Alterna- 

t i v e  I A  during the  winter months, exports during the  spr ing and 

ear ly  summer would probably be higher than those expected f o r  

Alternative I B .  These higher exports under Alternative I A  wbuld 

have a detrimental  e f f e c t  on the f i she ry  and would r e s u l t  i n  

average protect ion t o  the f i shery  lower than t h a t  shown f o r  

Alternative I B  ("composite of standards" column). 

Salmon. A s  discussed i n  Chapter 111, salmon migrate through the  

Delta v i r t u a l l y  a l l  year. Minimum flows i n  the Delta s u i t a b l e  

f o r  salmon migration have been recommended by Fish and Game 

(Fish  and Game Exhibit 11). 



These recommended flows have been used a s  s tandards  i n  a l l  of 

t h e  a l t e r n a t i v e  p l ans  except  t h e  "no ac t i onw a l t e r n a t i v e  (IA 

and I B )  . The necessary information t o  quan t i fy  t h e  b e n e f i t s  

of f lows h ighe r  t h ~ n  those  recommended by F i sh  and Game i s  no t  

now ava i l ab l e .  Therefore, a l l  of t he  a l t e r n a t i v e s  l i s t e d  i n  

Table V-1 would provide t h e  f lows recommended by F i s h  and Game 

as minimum s a t i s f a c t o r y  f lows f o r  salmon a t  a l l  times, with 

t h e  pos s ib l e  exception of t h e  "no act ion"  a l t e r n a t i v e s  during 

months of d r i e r  years.  

Presented below i s  a  q u a l i t a t i v e  comparison of t h e  e f f e c t s  of 

t h e  recommended p lan  ( ~ l t e r n ~ t i v e  IV) on salmon and o t h e r  f i s h  

aga ins t  those of t h e  I1no ac t ion"  a l t e r n a t i v e  ( I B ) .  

Other Fishes.  Comments received on the  Dra f t  EIR made it 

apparent  t h a t  a  more d e t a i l e d  d i scuss ion  was needed r e l a t i n g  

t h e  impacts of t he  recornmended plan on f i s h  o t h e r  than s t r i p e d  

bass. Even though t h e  impacts on o t h e r  f i s h  spec i e s  cannot be 

quan t i f i ed ,  a  q u a l i t a t i v e  comparison can be made of two key 

f a c t o r s  t h a t  a f f e c t  f i s h  i n  the  Del ta ,  Del ta  outf low and exports .  

The degree t o  which t he se  f a c t o r s  a f f e c t  each major f i s h  spec i e s  

i n  t h e  Del ta  i s  discussed i n  Chapter 111. 

The f o u r  f i s h  spec i e s  found i n  t h e  g r e a t e s t  abundance a t  t h e  

CVP and SWP f i s h  sc reens  a r e  s t r i p e d  b a s s ,  salmon, American 

shad and white c a t f i s h .  The par iods  over which these  f i s h  a r e  

caught a t  these  sc reens  genera l ly  r e f l e c t  the  t imes when p r o j e c t  

opera t ions  have a d i r e c t  e f f e c t  on t*hes s  fish. Figure V-3 

.. 
. _- . . . -.. . . 
. I'. . 



shows the.  average monthly catches of these four  f i s h  a t  the  CVP 

and SWP f i s h  screens ( 1972-1976) i n  percent of the  t o t a l  annual 

catch. For comparative purposes, the  approximately average 

iv t o t a l  annual catch f o r  each f i s h  species  is  a l s o  shown. 

A s  shown graphically on Figure V-3, the  time of year  and dura- 

t i o n  t h a t  these f i s h  a re  most suscept ible  t o  the  d i r e c t  e f f e c t s  

of pro jec t  operations va r i e s  greatly.  However, most of the 

e f f e c t s  occur i n  May, June, July and August. This h ighl ights  

'the need recognized i n  the  recommended plan t o  develop multi- 

species f i s h  and wi ld l i f e  standards a s  addi t ional  information 

becomes available.  

Figure V-4 shows the period during the  year  t h a t  80 percent 

o r  more of each f i she ry  i s  being captured a t  the export pumps. 

This r e f l e c t s  the period t h a t  p ro jec t  operations have t h e i r  

g rea tes t  d i r e c t  impect on the f ishery.  Also, shown i n  Figure 

V-4 a r e  Delta outflows and combined pro jec t  export r a t e s  f o r  

typ ica l  years  i n  each year  type -- wet, normal, dry and c r i t i c a l .  
. . 

Each of the'.water years se lec ted  f o r  t h i s  ana lys is  i s  followed by 

a s imi la r  year type (e. g.,  1941 and 194.2' a re  both wet years).  

This allows the comparison of hydrologic conditions based on a 

calendar year ( corresponding more . close ly  with the time frame 

Total numbers a re  somewhat misleadiag since they do not 
convey the  s i z e  of the f i s h  caught. The catch of mature -.' 
f i s h  are  more s ign i f i can t  losses  t o  the  population than 
losses  of f r y  t h a t  a re  s t i l l  subjected t o  extensive 
mor ta l i ty  fac tors .  
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FIGURE V-4 

DELTA OUTFLOW AND EXPORT 
1975 BASIN PLAN (ALTERNATIVE 18) vs. 

THE RECOMMENDED PLAN (ALTERNATIVE IV) 

WET YEAR (1941) 

20,000- 

lspoo - 

l0,OOO- 

spoo- 

20,000- 

w o o -  

l0.000- 

woo- - 

NORMAL YEAR 0936) 

DRY YEAR (19441 I CRITICAL YEAR (19331 



t h a t  s p e c i f i c  Del ta  s tandards  apply) r a t h e r  thon on a water  yea r  

b a s i s  ( t h e  time frame over which t he  yea r  i s  c l a s s i f i e d ) .  The 

d i scuss ion  r e l s t e d  t o  Figure 111-32 f u r t h e r  de f ines  why these  

s p e c i f i c  hydrologic yea r s  were se lec ted .  

I n  comparing t h e  var ious  y e a r  types  dep2cted i n  Figure V-4,. 
' 

t h e  h i s t o r i c  frequency of occurrence of each yea r  type must be 

kept  i n  mind. The b a r  c h a r t  on Figure V-4 i s  intended t o  

a s s i s t  t h e  reader  i n  recognizing t he se  d i f f e r ences  i n  occurrence. 

Figure V-4. i n d i c a t e s  t h a t  i n  wet and normal y e a r s  t h e  recommended - 

plan  ( ~ l t e r n a t i v e  I V )  r e s u l t s  i n  g r e a t e r  outf low and l e s s  expor t  i n  

June and J u l y  than  under t h e  Itno ac t ion"  a . l t e rna t i ve  ( I B ) .  Con- 

d i t i o n s  i n  and fol lowing August a r e  about t h e  same under both  

a l t e r n a t i v e s .  However, t h e  recommended p lan  does r e s u l t  i n  a  

sys temat ic  s h i f t  of expor t s  i n t o  Apr i l  and May which is  expected .. . . 

t o  l e s sen  impacts on s t r i h e d  bas s  and American shad. 

Dry yea r s  show t h i s  sune April-May s h i f t  i n  exports .  Del ta  out- 

flow i n  dry yea r s  i s  s i m i l a r  under both  a l t e r n a t i v e s  except  f o r  May 

when Delta outf low under t h e  recommended p l an  i s  l e s s .  The d i f -  

ference i r ,  c r i t i c a l  years  i s  perhaps t h e  most dramatic. The 

recommended p lan  r e s u l t s  i n  genera l ly  lower Delta outf low and 

h igher  expor t  r a t e s  than  t he  llrlo ac t ion"  a l t e r n a t i v e  ( I B ) .  



The combined impacts of outflow and export l i k e l y  vary f o r  
.I 

each f i s h  species. Because of t h i s ,  it i s  extremely d i f f i c u l t  

t o  r e l a t e  the information on Figure V-4'to impacts on the .-* 

L fishery,  even i n  a qua l i t a t ive  sense. Generally, however, as z.4 

outflows increase and exports decrease, t h e  impacts on t h e  

f i she ry  would lessen. Also, a t  high outflows (above 20,000 

cfs)  the  incremental e f f e c t s  of export would be l e s s  than a t  

low outflows (below 10,000 c f s )  . 

Both salmon and white c a t f i s h  would generally benef i t  from t h e  

recommended plan i n  wet and above normal years, a s  would both 

s t r iped  bass and American shad. Dry years under the  recommended 

plan show a s h i f t  i n  exports generally benefi t ing s t r i p e d  bass 

and American shad with mixed e f f e c t s  on salmon and ca t f i sh .  

I n  c r i t i c a l  years  the re  is  a d e f i n i t e  lessening of protect ion 

t o  a l l  f i s h  species  under the  recommended plan. These t rends 

a re  s imi la r  t o  those previously quant i f ied f o r  s t r i p e d  bass. 

It is  impossible t o  quantify these s h i f t s  i n  protect ion i n  

terms of the  overa l l  protect ion afforded under the recommended 

plan, but it i s  suggested t h a t  the  impacts described f o r  s t r i p e d  

bass are not inconsis tent  with the qua l i t a t ive  assessment shown 
6 )  

on Figure V-4. 

Upper Es tuaw Productivity. The pa t t e rns  of Delta outflow and 

s a l i n i t y  which would r e s u l t  from the recommended plan would. 

maintain f i shery  populations, p a r t i c u l a r l y  s t r i p e d  bass, a t  

l e v e l s  higher than those under the "no act ionw a l te rna t ive .  

This assessment i s  based on ce r t a in  re la t ionships  between Delta 

outflow and abundance of young of the  year s t r i p e d  bass- 

v-3 9 



Recent information sugges t s  t h a t  t h e  r e l a t i o n s h i p s  used f o r  

es t imat ing  s t r i p e d  bass  abundance a r e  not  v a l i d  when Del ta  

outflows a r e  below those  of t he  1976 winter.  Algal  productivity 

may be i n s u f f i c i e n t  under t hese  condi t ions  t o  support  t h e  

expected populat ions  of s t r i p e d  bass. I n  extremely c r i t i c a l  

years,  t h e  b e n e f i t s  t o  t h e  Del ta  f i s h e r y  expected under e i t h e r  t h e  

"no action1' a l t e r n a t i v e  o r  t h e  recommended plan may not be f u l l y  
I 

achieved. 

The recommended plan provides  f o r  re-examination of t h e  re la t ion-  

sh ips  between Del ta  outflow and s t r i p e d  bass. Since modif icat ions  

of these  r e l a t i onsh ips  could ind i ca t e  need f o r  r ev i s ions  of t h e  

f i she ry  standards,  t h e  Board w i l l  review the  r e s u l t s  of F i sh  

and Game's a n a l y s i s  and cons ider  whether f u r t h e r  a c t i o n  i s  

necessary. However, t h e  f i s h e r y  s tandards  i n  t h e  recommended 

plan from January through May a r e  a t  l e a s t  as s t r i n g e n t  a s  those  

of t h e  "no act ion"  a l t e r n a t i v e  which con t ro l l ed  i n  1976. Even 

though t h e r e  i s  a need f o r  f u r t h e r  study, t h e  recommended p lan  

would have no adverse impact on upper es tuary  p roduc t iv i ty  when 

compared t o  t h e  "no act ion"  a l t e r n a t i v e .  

Suisun Marsh. Seeds produced from a l k a l i  bulrush a r e  the  dominant 

food source f o r  waterfowl i n  t h e  Marsh. Environmental f a c t o r s  such - .  
as durat ion of water  submergence and s o i l  s a l i n i t y  during May l i m i t  b 

a l k a l i  bulrush seed production. Chapter I11 descr ibes  how manage- . 
ment p r a c t i c e s  on t h e  managed po r t i ons  of t he  Marsh (approximately v 

g9 percent  of the  wetland a r e a )  and s a l i n i t y  of t he  water  app l ied  

during October through May can a f f e c t  the  s o i l  s a l i n i t i e s  measured 

i n  May. 

v- LO 



During t h e  hearing Fish and Game presented information regarding 

t h e  expected impacts of i t s  recommendations on a l k a l i  bulrush 

seed production. (Fish and Game Exhibits 19 through 26 and RT 

Vol. X X I I I ,  pp. 16-170 and RT Vol. XXIV, pp. 1-21). This infor-  

mation has been thoroughly reviewed and is  believed t o  be an 

adequate assessment of the  general impacts on l a r g e  areas  of 

Suisun Marsh. 

Figure V-5 (redrawn from Fish and Game Exhibit 24) shows the  

expected average s a l i n i t y  conditions f o r  each year  type a t  1960 

l e v e l  of development based on Depertment Exhibit 11-7. I n  addition, 

spec i f ic  s a l i n i t y  conditions during typ ica l  c r i t i c a l ,  dry and below 

normal year  types have been f u r t h e r  evaluated i n  Fish and Game 

Exhibit 26 t o  determine the e f f e c t  of such s a l i n i t i e s  on a l k a l i  

bulrush production i n  se lec ted  areas  of the  Marsh. These a k a s  

a re  the Suisun Slough and West Grizzly I s l and  area  and the  Simmons, 

Wheeler and Channel I s lands  area (shown i n  Figure V-6). 

The estimated values of percent reduction of a l k a l i  bulrush seed 

production (as  measured from optimum), tabulated i n  Fish and Game 

Exhibit 26, have been converted t o  percent of optimum seed produc- 

t ion.  These converted values a r e  shown i n  t h e  "composite istand- 

ards" columns of Table V-1. 



SALINITIES AT SUlSUN MARSH 
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Predicted 1980 sal init ies  are shorn for the mouth of Suisun Slough which 
w a s  estimated at 0.75 times the Port Chicago salinities and i e  compared 
to  salinities to protect the marsh a. set  forth in  the DF&G &hihit 11 
Permanent Suisun Yrrsh Standarb, Alternative A (from abQ Exbibit 24).  





In  order t o  determine the'expected seed product of a l k a l i  bulrush 

under the  Suisun Marsh standard alone, s a l i n i t y  conditions a t  

Por t  Chicago and t h e  mouth of Suisun Slough have been estimated 

based on t h e  Suisun Marsh standard cont rp l l ing  Delta outflow. 

This ana lys is  does not take i n t o  consideration benefi ts  t h a t  

would occur due t o  uncontrolled flows o r  carr iage water needs 

of t h e  projects .  

S a l i n i t y  conditions a t  Port  Chicago have been estimated by f i r s t  

determining t h e  outflow required under t h e  Suisun Marsh standards 

f o r  each year type and then f inding  t h e  appropriate mean monthly 

s a l i n i t i e s  a t  Port  Chicago by using Department Exhibit 7B. These 

average monthly s a l i n i t i e s  a t  mean t i d e  have been converted t o  

average monthly s a l i n i t i e s  a t  high t i d e  by the  same methodology 

used i n  t h e  preparation of Fish and Game Exhibits l9-2& (Department 

of Public Works Bul le t in  27, p l a t e  LXIZ on page 196). S a l i n i t i e s  a t  the  

mouth of Suisun Slough have been estimated by taking 0.75 of the Port 

Chicago s a l i n i t i e s  ( t h e  same method used i n  t h e  preparation of 

t h e  Fish and Game exh ib i t s  f o r  c r i t i c a l  years).  Figure V-7 shows 

these theore t i ca l  (''standard onlyg1) s a l i n i t i e s  f o r  each year type. 

A comparison of the  "composite standards ." curves of Figure V-5 

with those of Figure V-7 shows t h a t  t h e  impacts of dry through wet 

years under t h e  "standard onlyw conditions of Figure V-7 a re  

bracketed by t h e  impacts indicated i n  Figure V-5 f o r  c r i t i c a l  t o  

dry years. Thus, under the  "standard only" conditions of 
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Estimated s a l i n i t y  conditions at t h e  mouth of Suisun Slough (which was estimated at 0.75 times 
Port  Chicago s a l i n i t i e s )  r e su l t i ng  from minimal compliance with standards f o r  inter im marsh 
protect ion.  



Alte rna t ives  I B ,  I I A ,  I I B ,  I I I B  and I V  the  a l k a l i  bulrush seed 

production would be about 10-35% of optimum dur ing dry  t o  wet 

years.  During c r i t i c a l  years  a l k a l i  bulrush seed production f o r  

Al te rna t ives  IB ,  I I A ,  I I B ,  . I I I B  and I V  has been est imated by t h e  

same procedure as t h a t  used i n  t h e  p repara t ion  of F i sh  and Game 

Exhib i t  26 and would be up t o  20 percent  of optimum. 

The environmental impacts on t h e  Marsh - a r e  based on a F i sh  and Game 

a n a l y s i s  of only  23 percent  of t h e  Marsh wetland a r ea  (shown by 

t h e  shaded a r e a s  i n  Figure  vA). However, t h e s e  a r e a s  produce 

more than  60 percent  of t h e  a l k a l i  bulrush.  I n  add i t ion ,  dur ing 

dry  and c r i t i c a l  years  t h e  managed a r ea s ,  not  shaded i n  Figure  

V-6,  would experience condi t ions  f o r  a l k a l i  bulrush seed production 

b e t t e r  than  those  shown i n  Table V-1 f o r  t h e  Suisun Slough and 

West Grizzly  I s land .  These b e t t e r  condi t ions  occur f o r  two reasons;  

(1)  t h a t  po r t i on  of t h e  Marsh l y i n g  e a s t  of t h e  a r e a s  i nves t i ga t ed  

experiences genera l ly  S e t t e r  water  q u a i i t y  because it i s  f u r t h e r  

away from t h e  i n f luence  of ocean water,  and (2) t h a t  po r t i on  of 

t h e  Marsh l y i n g  no r th  of t h e  Suisun Slough a r ea  is inf luenced 

d i r e c t l y  by l o c a l  runoff  i n  t h e  Suisun-Fair f ie ld  dra inage basin, 

and is  f u r t h e r  away from t h e  in f luence  of ocean water.  

A l t e rna t ive s  I A  and I I I A  would provide f u l l  p ro t ec t i on  of t h e  Marsh *. 

i n  a l l  year types.  The l e v e l  of p ro t ec t i on  provided under Alterna- 

t i v e s  I B ,  I I A ,  I I B ,  I I I B  and I V  would be  l e s s  than t h a t  of Alter- 
* 

na t ives  I A  and I I I A .  However, i n  a l l  hut  d ry  and c r i t i c a l  years ,  

f u l l  p ro t ec t i on  would be provided by uncontrol led  f lows under 



Alternat ives  I B ,  I I A ,  I I B ,  I I I B  and Iv. The l e v e l  of protect ion 

provided by these a l t e r n a t i v e s  i n  dry and c r i t i c a l  years  ranges 

from 10 t o  35 percent of n p t i m u m  seed production. 

A s  indicated i n  Table V-1, the  inter im l e v e l  of pro tec t ion  

afforded Suisun Marsh under the recommended plan ( ~ l t e r n a t i v e  

I V )  is  a t  l e a s t  a s  good a s  t h a t  provided by t h e  "no act ionw 

a l t e rna t ive  (IB). The recommended plan pro tec t ion  f o r  the  Marsh 

d i f f e r s  from t h a t  presented i n  the  Draft  EIR. The recommended 

plan has been modified t o  require a  g r e a t e r  l e v e l  of inter im 

protect ion f o r  the Marsh. This subs tan t i a l  improvement i n  inter im 

protect ion w i l l  make it possible t o  accommodate the  request of the 

Department f o r  addi t ional  time i n  implementing the required f u l l  

protect ion of the  Marsh. Under the  recommended plan, a s  revised, 

f u l l  protect ion would be required no l a t e r  than October 1, 1984. 

This increased inter im protect ion i s  i n  the  form of standards 

t h a t  a re  equivalent t o  those i n  the  basin plans (Alternat ive I B )  

from January through May. The recommended plan s t i l l  allows f o r  

relaxat ion t o  l e s s  s t r ingen t  standards i n  October through December 

when the pro jec t  users  are  taking def ic iencies  i n  scheduled water. 

The relaxat ion during t h i s  period is not expected t o  a f f e c t  

s ign i f i can t ly  a l k a l i  bulrush seed y i e l d  because (1) Figure V-8 

shows t h a t  water qua l i ty  changes i n  the low seed y i e l d  range 

r e s u l t  i n  small incremental changes i n  seed y ie ld ;  (2 )  the shor t  

duration of the  relaxat ion minimizes i t s  e f f e c t  on s o i l  s a l i n i t y ;  

and ( 3 )  ac t ive  leaching occurs during the January through May 

period making water qua l i ty  a t  t h i s  time of the year  more important. 



TIMATED INCREMENTAL BENEFITS TO SUlSUN MARSH 
WITH INCREASES IN TOTAL OCT. - MAY OUTFLOW* 

TOTAL DELTA OUTFLOW OCT -MAY IN MAF 

Range of conditions for Suisun Slough and Test Grizzly Island (represents 14% of marsh, produces 46% of I alltali bulrush) 

R-e of conditions for Simmons and Wheeler Island and the channel islands (represents 9% of the marsh # and produces 16g of the d k a l i  bulrush) 

lk Outflows represents patterns typical for critical,  dry and below normal years.with the current projects. 

(Prepared from information used to  produce I@&G Exhibit 26. ) 



The sharp decrease i n  t h e  l e v e l  of p ro t ec t ion  from t y p i c a l  below 

normal years  t o  t y p i c a l  d ry  years, and t h e  r e l a t i v e l y  constant  

p ro tec t ion  between dry and c r i t i c a l  years  have been inves t iga t ed  

f u r t h e r .  The purpose of t h i s  is t o  i d e n t i f y  t h e  incremental  bene- 

f i t s  t o  Suisun Marsh which would be experienced with increases  i n  

Delta outflow. A s  ind ica ted  i n  Figure V-8, t h e  r e l a t i o n s h i p  between 

seed production and outflow i s  no t  l i n e a r ,  and r e f l e c t s  t h e  sharp 

decrease i n  a l k a l i  bulrush production due t o  increas ing  s a l i n i t i e s  

as shown i n  Figure 111-30. Figure V-8 is based on information 

used t o  develop Fish and Game Exhibi t  26. 

Two aspec ts  of Figure V-8 a r e  noteworthy. F i r s t ,  t h e  outflows 

represented a r e  f o r  t o t a l  October through May outflow and have 

been developed from t y p i c a l  f lows f o r  dry, c r i t i c a l  and below 

normal years.  Increases  i n  Delta outflow (along t h e  ho r i zon ta l  

ax i s )  a r e  based on t y p i c a l  p a t t e r n s  f o r  t h e s e  year types  as 

represented i n  Department Exhibi t  11-7. If outflows during 

d r i e r  years  do not f o l l o w  t y p i c a l  pa t t e rns ,  t h e  b e n e f i t s  t o  t h e  

Marsh would be d i f f  e rcn t  than those  ind ica ted  i n  Figure V-8. 

For example, as ind ica ted  i n  Chapter 111, i f  outflows a r e  managed 

proper ly  pro tec t ion  t o  t h e  Marsh i n  c r i t i c a l  years  could be 

accomplished with  a n  outflow of about two mi l l i on  acre-feet  (above 

t h a t  needed t o  meet o the r  standards),  r a t h e r  than t h e  4.6 mi l l i on  

acre-feet  which might bc i n f e r r ed  from Figure  V-8 (7 MAF - 2.4 MAF). 



Second, even though Figure V-8 shows 100 percent  a l k a l i  bu l rush  

production wi th  October-May outflow of 7 mi l l i on  acre-feet ,  out- 

f lows i n  excess  of 7 m i l l i o n  acre-feet  dur ing t h a t  per iod  would 

a l s o  b e n e f i t  t h e  Marsh. However, these  b e n e f i t s  a r e  not  quanti-  

f i a b l e  but  would provide g r e a t e r  management f l e x i b i l i t y  ( p a r t i -  

c u l a r l y  t o  those  a r e a s  t h a t  a r e  no t  employing b e s t  management 

techniques) ,  removal of s a l t s  concentrated i n  t h e  s o i l  p r o f i l e  

dur ing dry  and c r i t i c a l  yea r s  and b e t t e r  coildi t ions i r ~  t i d a l l y  

inf luenced (nonrnanaged) a r e a s  of t h e  Marsh. 

San Francisco Bav. A s  i nd i ca t ed  i n  Chapter- 111, any impacts 

of t h e  recommended p l an  on San Francisco Bay would be l i k e l y  

r e l a t e d  t o  reduct ions  i n  peak uncont ro l led  surge flows. The 

poss ib le  reduct ions  i n  t he se  peak f lows under t h e  recommended 

p lan  a r e  measured a g a i n s t  those  t h a t  would be expected t o  occur 

under t h e  "no act iont*  a l t e r n a t i v e  ( I B )  . 

V-9 shows Del ta  outf low under var ious  condi t ions  ( t aken  

from Figure 111-32)' and t h e  expected f lows under t h e  recom- 

mended plan. A s  i n d i c a t e d  i n  t h i s  f igure ,  dur ing per iods  of peak 

win te r  and spr ing  flows, only i n s i g n i f i c a n t  changes i n  monthly 

average f lows would occur. Although t h e  monthly f lows a r e  

average condi t ions  and no t  peak f low condi t ions ,  t h e  marked 

s i m i l a r i t y  of t h e s e  monthly f lows l e a d s  t o  the  conclusion t h a t  

peak f lows w i l l  no t  be s i g n i f i c a n t l y  a f f e c t e d  by t h e  recommended 

p l an  during per iods  of uncont ro l led  flow. 



FIGURE V-9 

DELTA OUTFLOW UNDER DIFFERENT CONDITIONS 

WET YEAR (1940-41) 

HISlORCAL 
OCCURRENCE 
l%OF ms1 

NORMAL YEAR (ISSb-38) 

LEOEND 
A HISTORIC (I1 
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RECONMENDED PLAN 

O WITH CVPISWP 141 
1975 PLAN bND 

DRY YEAR (19$3-44) @ REC~#EN~,ED PLAN (51 CRITIC*L YEAR (1932-35) 

DELTA OUTFLOW to San Francisco Bay (1) as i t  actually occurred during four years prior to the construc- 
tion of the CVP and SWP (pre-project), (2) how i t  would have bean If present levels of nonCVP and SWP 
related upstream development had occurred in those years and the CVP and SWP had not been constructed 
(without project), (3) how i t  would have been i f  present levels of upstream use and Delta export occurred 
in those years and assuming that the cVP and SWP operated to the 1975 basin plans (1975 basin plan), and 
(4) how i t  would have been if present levels of upstream use and Delta export occurred in those years 
assuming that the CVP and SWP operated to the recommended plan (recommended plan). 

. . 



Table V-2 has  been prepared t o  show median yea r  condi t ions  

f o r  each yea r  type expected under t h e  "no ac t i onw a l t e r n a t i v e  

and t h e  recommended plan. This t a b l e  suppor t s  t h e  no impact 

conclusion i nd i ca t ed  by Figure V-9 which is  based on s p e c i f i c  

yea r s  wi th in  each y e a r  type. 

Exportable P ro j ec t  Yield 

Firm expor table  y i e l d  i s  used by both t,lic: CVP arid SWP t o  dcsler- 

mine t h e  amount of water  which can be committed under long-term 

watersupply c o n t r a c t s  t o  expor t  a r e a s  south  and west of t h e  Delta. 

There have been many i n t e r p r e t a t i o n s  of t h e  meaning of t h i s  term. 

Department opera t ions  s t u d i e s  ( ~ e ~ a r t - m e n t  Exhib i t s  11-7, 11-8, 

11-10 and 11-11) use  t h e  fol lowing i n t e r p r e t a t i o n :  firm export- 

a b l e  y i e l d  i s  the  maximum annual  water  supply from t h e  CVP and 

SWP expected t o  be a v a i l a b l e  dur ing a r e p e t i t i o n  of t h e  1928-1934 

dry per iod  f o r  de l i ve ry  t o  meet a given l e v e l  of demand of con- 

t r a c t o r s  south  and west of t he  Delta, with t h e  understanding t h a t  

de f i c i enc i e s  w i l l  be app l i ed  t o  t h i s  y i e l d  i n  some years. The 

Cal i fo rn ia  Region Framework Study Committee of t h e  Water Resources 

Council (1971, p.  327) de f ines  f i rm y i e l d  a s  "the maximum annual 

supply of a given water  development t h a t  i s  expected t o  be ava i l -  

ab le  on demand [through a c r i t i c a l  period], with t h e  understanding 

t h a t  lower y i e l d s  w i l l  occur i n  accordance wi th  a predetermined 

schedule o r  probabi l i ty" .  



T Y P I ~ /  DELTA OUTFLOW FOR ALL YEAR-TYPES 
. 1975 PLAN VS-  RECOMMENDED PLAN 

Cubic Fee t  per Second ( c f s )  

Oct. Nov, E. - - - - Feb. March A p r i l  May Jan. June mly Aug. Sep t -  

WET (16 Years) 

1975 Plan 5,200 7,000 36,300 80,900 83,700 41,900 51,600 39,400 18,600 5,700 5,900 8,600 

Rec- Plan 5,200 6,300 39,900 79,800 84,400 41,900 49,700 37,200 23,400 10,000 7,500 6,300 

ABOVE NORMAL ( 9  Y e a r s )  

BELOW NORMAL ( 9  Years) 
-4 

1975 Plan 4,500 5,200 6,000 6,800 25,600 22,500 8,000 15,300 5,200 6,200 6,400 4,900 
bd 

R e c .  Plan 4,500 5,800 5,800 6 , 8 0 0 2 ~  24,700 22,500 8,200 13,100 9,500 7,700 7,000 4,900 

DRY (10 Years) 

1975 Plan 4,500 5,300 3,900 10,100 11,100 11,600 6,700 8,400 5,200 6,300 6,000 4,500 

Rec.  Plan 4,500 5,200 5,400 10,10& 11,100 10,100 7,800 6,400 4,900 7,500 6,700 4,500 

CRITICAL (6 Years)  

1975P lan  4,500 5,200 5,100 5,300 
E 

7,300 4,800 6,700 5,900 4,500 4,700 4,700 4,500 $ 

1/ Median of mean monthly outflows bf designated year-type, from-Department opera t ions  s t u d i e s  based - 
on 1922-71 hydrology: Department Exhib i t  11-10 ("1975 Basin Plan D e l t a  C r i t e r i a w )  and 
May 16, 1978 s tudy  ("SWRCB March 1978 Recommended D e l t a  Water Q u a l i t y  Objec t ivesN) ,  1980-level o f  
es t imated upstream dep le t ion  and no change i n  e x i s t i n g  D e l t a  f a c i l i t i e s .  Year type f r e ~ e n c i e s  
a r e  based on the year  c l a s s i f i c a t i o n  f o r  f i s h  and w i l d l i f e  standards,  as modified January-May 
due t o  changes i n  i n t e r im  Marsh standards. 

---- -- - 
2 /  The apparent  h ighe r  January flow. i n  median dry compared t o  below normal year8 ie due t o  - 

p a r t i c u l a r  annual  flow d i s t r i b u t i o n s  of t h e  years  s tud ied .  
, 



These def in i t ions  of f i r m  . (exportable) y ie ld  do not guarantee 

f i r m  y ie ld  del ivery every year; ra ther ,  they allow f o r  cu r t a i l -  

ments i n  c r i t i c a l l y  dry years. I n  t h e  case of the  SWP, firm 

exportable y ie ld  would be avai lab le  i n  1928 (above normal), 

1930 (dry) and 1932 (dry). Less than f i rm exportable y ie ld  

would be avai lab le  i n  t h e  c r i t i c a l  years 1929, 1931, 1933 and 

1934, i n  accordance with deficiency allowances i n  SWP contracts.  

Firm-exportable y ie ld  is  only one of several  ways t h a t  pro jec t  

del ivery capabi l i ty  can be characterized. It is  used herein 

s ince  t h e  Department and t h e  Bureau use f i rm exportable y ie ld  a s  a 

measure of del ivery capabi l i ty .  Firm exportable y i e l d  increases  

with new pro jec t  f a c i l i t i e s  and decreases with g rea te r  non-project 

demand ( e m  g., c e r t a i n  Delta water qua l i ty  standards). 

The CVP port ion of the  combined exportable y i e l d  would increase 

with increasing export demands t o  the  extent  t h a t  there  would be 

adequate water suppl ies  and export canal capacity t o  meet those 

needs. The extent  of CVP exportable y i e l d  increases  i n  t h i s  

manner is  unknown, and depends i n  p a r t  on fu ture  water supply 

contracts.  The SWP exportable y i e l d  is  e s s e n t i a l l y  fixed, s ince 

supply from ex i s t ing  f a c i l i t i e s  i s  t o t a l l y  committed under contract .  

The Department's operations study ( dated May 16, 1978) of the  

d ra f t  plan was used f o r  comparison t o  determine the r e l a t i v e  

impacts of the  various a l t e rna t ive  plans on combined exportable 

yield.  The Department's operations s tud ies  (Department Exhibit 

11-10 and operations study of t h e  d r a f t  plan) indica te  t h a t  the 
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combined exportable yi.eld, llnder the  Basin 5B Plan would be 5.6 - 

mill ion acre-feet, and that, under the  recommended plan would be 

5.8 mil l ion acre-feet. However, the  Bureau's operations study 

of the  recommended plan indica tes  t h a t  the  combined exportable 

y ie ld  would be 5.7 mil l ion acre-feet. The 100,000 acre-feet  

difference between the  Bureau and Department's s tud ies  is  

accounted f o r  by Bureau revis ions i n  assumed CVP export demands, 

which were reduced by about 100,000 acre-feet. This was not 

included i n  e i t h e r  of t h e  Department's s tudies .  Therefore, it 

is  assumed t h a t  the combined firm exportable y i e l d  under the 

Basin 5B Plan and recommended plan would be revised t o  5.5 and 

5.7 millionacre-feet, respectively,  t o  r e f l e c t  the  reduction i n  

CVP export demands. Finally,  the  average annual del ivery t o  

pro jec t  export users  through the 1928-193k y i e l d  determining 

period under the  recommended plan i s  estimated t o  be approximately 

5 mill ion acre-feet, due t o  def ic iencies  i n  y i e l d  imposed by the  

pro jec ts  i n  c r i t i c a l  years. 

Ut i l i z ing  information presented by the  Department (Department 

Exhibits 7B, 8 and 9 ) ,  estimates were made of the  Delta outflow 

required t o  n~ect  thc wai,c> r1 qual-j t y  standards of the  various 

a l t e rna t ive  plans (see Figure V-1). These flow requi.rements 

have been superimposed on and compared t o  flows from the  ~ e i a r t -  

rnent's operations study of the  recommended plan. The differences 

i n  flows were used t o  calculate  impacts on combined exportab'le 

yield,  which were incorporated i n t o  Table V-1 i n  terms of impacts 

r e l a t ive  t o  the "no act.io~i" a l t e rna t ive .  An example of these 



calcula t ions  is shown on Table V-3'for Alternat ive I V  ( the  

recommended plan),  Each month i n  the 192g-1934 period is 

represented. The l i n e s  of Table V-3 labeled "Dept Studyvv 

show the  flows from t h e  Department's operations study of t h e  

recommended plan. The l i n e s  labeled Alternative I V  show the  

estimated flows required each month t o  meet the  water quality 

standards of Alternat ive IV. Table V - j  a l s o  i d e n t i f i e s  thc 

conditions which would cont ro l  Delta outflow during each month. 

The flow differences between the  base case (Department operat ions 

study) and Alternative I V  a r c  ~i.rid~.cai;od f o r  each month and 

to ta l ed  f o r  each year. These differences a re  due t o  changes made 

t o  the  recommended plan standards, which include g rea te r  inter im 

Marsh protect ion,  de le t ion  of the "year a f t e r  c r i t i c a l  year" 

relaxat ions f o r  a g r i c u l t u r a l  and municipal and i n d u s t r i a l  stand- 

ards, expanded export l i m i t a t i o n s  f o r  f i she ry  protection, de le t ion  

of a g r i c u l t u r a l  standards a t  two locat ions,  and allowance f o r  

compliance with the  Contra Costa Canal Intake standard a t  both 

the  Intake and a t  Antioch. The yearly t o t a l s  have been combined 

and divided by 6-2/@to determine the  average decrease i n  y i e l d  

from the  base case required t o  meet the Alternative I V  standards. 

The decrease i n  pro jec t  y ie ld  f o r  each of the  a l t e r n a t i v e  plans 

is  &own i n  Table V-1. 

2/ Operations s tud ies  begin i n  May of 1928 and extend through 
October of 1934. The t o t a l  increase i n  flows required f o r  
t h i s  period i s  divided by 6-2/3. Although the 1928-1934 - 
period represents  6-1/2 calendar years, it represents  6-2/3 
years  of demand due t o  the  dominant summer i r r i g a t i o n  del iver ies .  
The t o t a l  increase i n  required Delta outflow over the  e n t i r e  
period i s  avera ed t o  g e t  reductions i n  y i e l d  because it is  
assumed t h a t  ( 1  7 outflow decreases could be recovered by the 
p r o j e c t s  through increased exports and/or decreased upstream 
releases,  ( 2 )  the outflow increases  would r e s u l t  i n  proportional 
decreases i n  p ro jec t  de l iver ies ,  and ( 3  ) these del ive decreases 
would be spread evenly over each of the  years  i n  the 1 28-1934. 
period. 

T 
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CALCULATION OF [N COMBINED SWP h CVP EXPORTABLE FIRM YIELD RESULTING FROM 
AS COMPARED TO DEPAKIWENT OPERATIONS STUDY OF DRAP 

DELTA OUTFLOW. MAY 1 9 2 8  to OCT. 1 9 3 4  
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An examination of Table V-3 reveals  some i n t e r e s t i n g  fac ts .  Even 

though 1928-1934 i s  a drought period, 13 of the  76 months (17 p e r  

cent of the time) had uncontrolled flows su f f i c i en t  t o  meet a l l  Delta 

water qua l i ty  requirements under Alternative IV. O f  g rea te r  signi- . 
I 

ficance is  the f a c t  t h a t  during t h i s  drought period car r iage  water 

needs of the  p ro jec t s  cont ro l  Delta outflow more than any o ther  b 

f a c t o r  (4.4 percent of  t h e  time). Water q u a l i t y  standards of 

Alternative I V  would cont ro l  Delta outflow 39 percent of the  t i m e  

during the  seven-year dry period. 

The reductions i n  y i e l d  determined i n  the manner discussed above 

a re  estimates only, and should be ref ined through f u r t h e r  compre- 

hensive operations s tud ies  by the  Department and Bureau. 

A comparison of Alternat ives  I A  with I B  and IIIA ~ i t h  IIIB 

indica tes  t h a t  pro tec t ion  of Suisun Marsh so le ly  with outflow 

would reduce the  p ro jec t  y i e l d  by about 1.6 t o  1.7 mi l l ion  acre- 

f e e t  beyond t h a t  required t o  meet o ther  standards contained i n  

these a l t e rna t ive  plans. The magnitude of t h i s  impact ind ica tes  

the need t o  p ro tec t  the  Marsh by means o ther  than so le ly  by 

Delta outflow. Chapter I V  of t h i s  report  addresses the long- 

term protect ion needs of the Marsh i n  more de ta i l .  



Some of t h e  a l t e r n a t i v e  plans would have very s u b s t a n t i a l  impacts 

or1 y ie ld ,  and it is cxpc?cti-d t h a t  t.he p ro j ec t s  would a l t e r  t h e i r  

export  pa t t e rns  sornewtlnt, t o  minirnizc t hese  impacts. However, 

t h e  impacts on y i e l d  of AlternativesIA, I I I A  and I I I B  shown i n  

Table V-1 would be q u i t e  s u b s t a n t i a l  under any envisioned export  

pa t te rn .  I n  addi t ion,  it appears highly un l ike ly  t h a t  the 

p r o j e c t s  would be ab l e  t o  withstand the  reoccurrence of t h e  

1928-1934 drought per iod under A l t e rna t ives  I A ,  I I I A  and I I I R .  

The o ther  a1ternative.s  shown i n  Table V-1 r e p r e s e r ~ t  varying degrees 

of impact on exportable y i e ld  t h a t  a r e  e i t h e r  c lose  t o  o r  l e s s  t han  

t h e  "no action'' a l t e r n a t i v e  (IB). The impact on y i e l d  of Alterna- 

t i v e  I V  is much l e s s  than  t h e  no a c t i o n  a l t e r n a t i v e  (IB). Thus, 

no discuss ion of poss ib l e  adverse environmental impacts of t h i s  

a l t e r n a t i v e  on t h e  p r o j e c t s  or  t h e i r  water  u s e r s  i s  necessary. 

I n  addi t ion,  Al te rna t ive  IV has an almost n e g l i g i b l e  e f f e c t  ( l e s s  

than 1%) on y i e l d  over t h a t  of t h e  Four-Agency F ish  Agreement alone. 

I n  i t s  c lo s ing  br ief  on page 34, t h e  Department recommended that 



t h e  Board incorporate t h e  Four-Agency Fish Agreement standards 

( s e t  f o r t h  i n  Fish and Game Exhibit 11) i n t o  the  water qua l i ty  

cont ro l  plan. Although refinement of these  impacts on y ie ld  is 

necessary, Alternative IV w i l l  not s ign i f i can t ly  a f f e c t  y i e l d  

beyond t h a t  recommended by the  Department. 

C. SUMMARY OF IMPACTS OF THE RECOMMENDED P U N  

The r e s u l t s  of t h e  impact ana lys is  are shown i n  Table V-1. Based 

on t h i s  analysis ,  Alternat ive I V  has been se lec ted  a s  t h e  recommended 

plan. The l e v e l  of pro tec t ion  provided benef ic ia l  uses and t h e  

impact on export y i e l d  of t h e  pro jec ts  under each a l t e r n a t i v e  can 

be compared read i ly  with those of t h e  recommended plan. 

Under t h e  recommended plan, t h e  l e v e l  of protect ion provided munici- 

pal ,  i n d u s t r i a l  and a g r i c u l t u r a l  uses would be a t  l e a s t  equal t o  o r  

b e t t e r  than t h a t  which would be experienced under without pro jec t  

conditions. Generally, t h e  l e v e l  of protect ion provided by a  water 

qua l i ty  standard establ ished f o r  a  pa r t i cu la r  use would be increased 

by standards establ ished f o r  o ther  uses, carr iage water needs of 

t h e  projects ,  and uncontrolled Delta outflow. 

The recommended plan would provide water users  of t h e  Contra Costa 

Canal with fewer days of 150 m g / l  ~ 1 -  water than under t h e  "no 

actiongf a l t e rna t ive .  This reduction ranges from .about 10 days i n  

above normal years t o  80 days . in  c r i t i c a l  years. However, i n  wet 

years the  recommended plan would provide b e t t e r  conditions than 

those expected under the  no act ion a l t e rna t ive .  



Conditions would general ly  be worse i n  c r i t i c a l  years  under 

the recommended plan. The impacts of the  recommended plan on 

Contra Costa Canal users  a re  not quant i f iable ,  but  t h e  expected 

maxirmun chloride l e v e l s  should not exceed 170 m g / l  a t  t h e  canal  intake. 

The recommended plan would provide grea ter  pro tec t ion  t o  agricul-  

t u r a l  uses than t h a t  provided under t h e  "no action" a l t e r n a t i v e  

(Alternative I B ) ,  except i n  t h e  western Delta u n d e r l i m i t e d  c i r -  

cumstances. A s  shown i n  Table V-1, t he  s p e c i f i c  a g r i c u l t u r a l  

standards ('I standkbd onlyn column) f o r  t h e  western Delta con- 

ta ined i n  t h e  recommended plan provide subs tan t i a l ly  g rea te r  

protect ion than those of the  "no action1' a l t e rna t ive .  A s imi la r  

comparison of the  composite of a l l  standards of t h e  two al terna-  

t i v e s  indica tes  t h a t  only during c r i t i c a l  years would t h e  "no 

action1' a l t e r n a t i v e  provide grea ter  protect ion t o  the  western 

Delta. This c r i t i c a l  year benef i t  t o  the  western Delta i s  a r e s u l t  

of the  inc identa l  protect ion provided by t h e  basin plan f i s h  and 

w i l d l i f e  standards which make no provision f o r  wide f luc tua t ions  

i n  hydrologic conditions. 

The tlno actionvt composite standards would requi re  about 160! 000 

acre-feet of project  y ie ld  over t h a t  required by t h e  recommended 

plan. Such impact on exportable y i e l d  cannot be j u s t i f i e d  on the  

bas i s  of the  pro jec ts '  e f f e c t s  on Delta vested water r ights .  The 

impacts of the  recommended plan on western Delta ag r i cu l tu re  

during c r i t i c a l  years cannot be  quant i f ied because the  extent of 

such impacts a r e  more dependent on t h e  management options ava i l ab le  

t o  western Delta a g r i c u l t u r a l  users. Also, current negot iat ions 

between representat ives  of western Delta a g r i c u l t u r a l  interest% 

Department and Bureau may lead t o  an agreement t o  firm-up such 

water suppl ies  during a c r i t i c a l  year. I n  accordance with the  
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Delta Protect ion Act, De1t.a water use r s  seeking such firm supplies  

from the  pro jec t  operators  would be required t o  pay only f o r  bene- 

f i ts  i n  excess of t h e i r  vested r ights .  

Fishery resources ( s p e c i f i c a l l y  s t r i p e d  bass) would be maintained 

a t  higher l e v e l s  under t h e  recommended plan than under t h e  "no 

act ionw a l te rna t ive .  The recommended plan l e v e l s  f o r  s t r i p e d  bass 

would approach those l e v e l s  which would occur under without p ro jec t  

conditions. I n  addi t ion t o  su i t ab le  s a l i n i t y  and flow conditions, 

maintenance of f i she ry  resources a t  without project  l e v e l s  is. 

dependent on curtailment of p ro jec t  exports during periods when 

s t r i p e d  bass eggs and young of s t r i p e d  bass, salmon and white 

c a t f i s h  a re  present i n  g r e a t e s t  numbers i a  the  Delta. The cur- 

ta i lments  proposed by Fish and Game i n  t h e i r  h h i b i t  11 ( d r a f t  

Four-Agency Fish Agreement) appear t o  have t a c i t  concurrence of t h e  

Department and the  Bureau. The curtailments of p ro jec t  exports are 

an e s s e n t i a l  element of Fish and Game's recommendation toward m i t i -  

gation of pro jec t  impacts on the f i she ry  resources. The c u r t a i l -  

ments have been modified t o  apply regardless  of outflow. It i s  

appropriate f o r  the  Board t o  include conditions i n  the  permits 

f o r  the  CVP and SWP which w i l l  require  the  curtailments. 

With the  occurrence of uncontrolled flows the water q u a l i t y  avai l -  - • 

able  f o r  waterfowl seed production i n  the  managed a reas  of Suisun 

Marsh would be su i t ab le  i n  a l l  but dry and c r i t i c a l  years  and about 
.. . 

1/2 of the  below normal years. F u l l  protect ion of the  Marsh so le ly  

with outflow would require a one-third reduction i n  combined SWP and 

CVP exportable yield.  Fish and Game, U. S. Fish and Wildlife 



Service, t h e  Cal i fornia  Waterfowl Association, and t h e  Suisun 

Resource Conservation D i s t r i c t  believe t h a t  any adverse impacts 

on w i l d l i f e  habit, which might be sustained by t h e  Marsh i n  d r y ,  

and c r i t i c a l  years can be mitigated through the  construction of 

f a c i l i t i e s  and provision of s u b s t i t u t e  water suppl ies  f o r  the 
' 

Marsh. Under .without pro j ect  conditions, Suisun Marsh would 

have experienced b e t t e r  water q u a l i t y  f o r  the  next six years  than 

t h a t  provided under the recommended plan. The pro jec t  operators 

have a respons ib i l i ty  t o  mit igate  adverse impacts of pro jec t  opeIc 

ations.  I n  view of t h i s ,  appropriate terms and conditions w i l l  be 

incorporated i n  the  water r i g h t  permits f o r  the  SWP and CVP t o  

ensure mit igat ion of such adverse impacts t o  Suisun Marsh. 

The recommended plan would have subs tan t i a l ly  l e s s  impact on 

pro jec t  y ie ld  than t h e  **no action" a l t e r n a t i v e s  (Alternatives 

I A  and IB). A  comparison of t h e  recommended plan with Alternative 

I A  (Basin Plans with Suisun Marsh Protection) indica tes  t h a t  about 1.7 

t o  1.8 mi l l ion  acre-feet of exportable p ro jec t  y i e l d  -%vO~Ild be conserved 

under the  recommended plan. A s i m i l a r  comparison of t h e  recommended 

plan and Alternative IB (Rasin Plan without Suisun Marsh protection) 

i r ~ d i c a t c : ;  that, 100,000 : ~ c : t . c . - f ' c . c \ l .  w o u  1 ci c:onscrnvcd. 

The recommended plan r e f l e c t s  a c loser  f i t  t o  hydrologic conditions 

and avai lab le  water suppl ies  than t h e  "no action" a l te rna t ives .  

Even though the recommended plan would requi re  l e s s  freshwater out- 

flow because of a more e f f i c i e n t  use of Delta outflow and a b e t t e r  



understanding of benef ic ia l  use  needs i n  t h e  Delta, the  overa l l  

protect ion under t h e  recommended plan i s  grea ter  than t h e  "no 

action" a l te rna t ives .  I n  addition,  t h e  recommended plan would 

requi re  f u l l  mit igat ion of a l l  pro jec t  adverse impacts on Suisun 

Marsh by October 1, 19'84. 
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ALTERNATIVE PLAN 

SUMMARY OF POTENTIAL ENVIRONMENTAL IMPACTS 
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SUMMARY OF POTENTIAL ENVIRONMENTAL IMPACTS 
Explanation of Table Headings TABLE 1 

SBmT 3 

Columns headed "Standard Only" represent potential environmental impacts, assumi'ng the standard for the 
beneficial use in question is met as the controlling standard in the Delta. 

Columns headed "Composite of Standards" represent potential environmental impacts, assuming the composite 
of standards contained in the alternative plan in question are met as the controlling standards in the Delta. 
The outflow necessary to meet the State Water Project operational need of 100 mg/ I CI- at Clifton Court i s  
also included. 

Columns headed "Composite of Standards with Expected Conditions" evaluate potential environmental impacts 
under the same assumptions used in columns headed "Composite of Standards", except that effects of 
expected uncontrolled flows are included. 

The impacts corresponding to a specific year type represent expected average conditions for that classification. 

FOOTNOTES 

Initial assessment of alternative n~unicipal and industrial objectives eliminated al l  but the substitute 
supply alternative from this analysis of impacts (see page IV-17). 
The first number represents dry years with substantial carryover storage. The second number represents 
dry years without substantial carryover storage. 
In order to quantify the impacts to municipal, industrial and agriculture uses under this alternative, 
acompleteoperation study is needed to define carriage water needs throughout the year. Conditions would 
be no worse than those shown in the column headed "Standard Only". 
The "Standard Only" column reflects the protection afforded the Interior Delta by the Jersey Point standard. 
High exports in June and July of dry years draw more seawater toward the export pumps, causing conditions 
in Old River to worsen. 
The water quality standards for the western and interior Delta control the water quality available in the 
northern Delta, which is substantially better than that found in other areas of the Delta. In addition, water 
quality needs in the northern Delta are less restrictive because the soils in this area allow for surface 
irrigation. Although not analyzed in detail, significant adverse impacts to agriculture in the northern Delta 
are not expected from any of the alternatives evaluated. 
The alternatives considered for protection of southern Delta agriculture would have the same near term 
environmental impacts as the no action alternative. These near term impacts have not been quantified. 
The recommended plan would provide greater long-term protection than the no action alternatives. 
"Def." represents deficiencies in firm supplies of the CVP and SWP. See Table VI-1 for definition of firm 
supplies. At the 1980 level of development 10% deficiency equates to .7 MAF cutback in deliveries, 
25% deficiency to 1.9 MAF and 50% to 3.7 MAF. 
"Suitable" spawning areas were determined as those between Venice Island and the approximate occurrence 
of the 1.5 mmhos EC line on the San Joaquin River. The estimates in this table of the location of the 1.5 
mmhos EC line, and thus the remaining area "suitable" for striped bass spawning, apply only when the 
salinity gradients along the lower San Joaquin River are similar to those predicted for the Sacramento River 
by the computer model used to develop Department Exhibit 11-9. Better estimation of the San Joaquin River 
salinjty gradient must await the development of more accurate models for the lower San Joaquin River under 
varying export rates. 
In order to quantify the in~pacts on striped bass under this alternative, a conlplete project operation study 
would be needed to define the May, June and July export rates. The operation study has not been done. 
Under this alternative, i t  is likely that export rates during May, June and July would be higher than under 
Alternative ll-B. This would cause the striped bass index to be less than that shown for Alternative 11-B. 
Dry year following a wet, above normal, or below normal year. 
Critical years and dry years following a dry or critical year. 
A project operation study would be needed to define May, June and July exports, and thus quantitatively 
define the striped bass index for each year type under this alternative. The weighted average index under 
this alternative plan would, however, be at least as high as that required under the adjacent "standard only" 
column. 
Flows for salmon migration for all alternatives, except perhaps some months during drier years under the 
no action alternatives, never fall below those listed by Fish and Game as "minimum satisfactory flows for 
salmon" as identified in Fish and Game Exhibit 11, p. 9. 
The base case used to determine yield decreases is that presented in the Department's Operations Study 
(dated May 16, 1978) of the Draft Plan. The est imated decreases in yield were determined by subtracting 
from this base. Complete operation studies are needed to better define the projects' firm dry period export 
yield under these alternatives. 
Impacts on yield do not include the extensive constraints necessary to attain the positive net downstream 
flow requirement of this alternative. 

V-67 



D E L T A  OUTFLOW RESULTING F R O M  A L T E R N A T I V E  
WATER Q U A L I T Y  CONTROL PLANS 
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STANDARDS DEPENDENT ON PROJECT EXPORTS ARE NOT INCLUDED. 
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DELTA OUTFLOW RESULTING FROM ALTERNATIVE 
WATER QUALITY CONTROL PLANS 
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ALTERNATIVE PLAN 1-  B 

WET, ABOVE and BELOW NORMAL DRY Y E A R  CRITICAL Y E A R  

w e r * . ) C * . W * *  
ABOVE 

a BELOW * sc * x- 
NORYI\L 

CONTROLLING STANDARDS 

CONTROLLING STANDARDS DEPENDENT ON EXPORT RATES 

ESTl MATED CARRIAGE WATER REOUl REMENTS 

NOT EVALUATED AS A CONTROLLING WATER QUALITY OBJECTIVE 

STANDARDS ARE LIKELY TO BE MET BY UNCONTROLLED OUTFLOW 



W E T  Y E A R  

DELTA OUTFLOW RESULTING FROM ALTERNATIVE 
WATER QUALITY CONTROL PLANS 
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(DRY and CRITICAL YEARS on FOLLOWING PAGE) 
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DELTA OUTFLOW RESULTING FROM ALTERNATIVE 
WATER QUALITY CONTROL P L A N S  

ALTERNATIVE PLAN I t - A  
(WET and NORMAL YEARS on PRECEEDING PAGE) 
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DELTA OUTFLOW RESULTING FROM ALTERNATIVE 
WATER QUALITY CONTROL PLANS 

ALTERNATIVE PLAN I t - B  
(DRY and CRITICAL YEARS on FOLLOWING PAGE) 
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D E L T A  OUTFLOW RESULTING FROM ALTERNATIVE 
WATER QUALITY CONTROL P L A N S  

A L T E R N A T I V E  P L A N  I f - B  
(WET and NORMAL YEARS on PRECEEDING PAGE) 

DRY Y E A R  C R I T I C A L  Y E A R  
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WET Y E A R  

DELTA OUTFLOW RESULTING FROM ALTERNATIVE 
WATER QUALITY CONTROL PLANS 

ALTERNATIVE PLAN m- A 
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DELTA O U T F L O W  RESULTING FROM ALTERNATIVE 
WATER QUALITY CONTROL PLANS 

ALTERNATIVE PLAN III- A 
(WET and NORMAL YEARS on PRECEEDING PAGE) 
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DELTA OUTFLOW RESULTING FROM ALTERNATIVE 
WATER QUALITY CONTROL PLANS 

ALTERNATIVE PLAN IU- B 

(DRY and CRITICAL YEARS on FOLLOWING PAGE) 
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DELTA OUTFLOW RESULTING FROM ALTERNATIVE 
WATER QUALITY CONTROL PLANS 

ALTERNATIVE PLAN m- B 

(WET and NORMAL YEARS on PRECEEDINO PAGE) 
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EXHIBIT X-8. A FULL OPERATIONS STUDY IS NEEDED TO DETERMINE CARRIAGE 

WATER REQUIREMENTS AND WATER QUALITY STANDARDS DEPENDENT ON PROJECT 

EXPORTS FOR THE REMAINING MONTHS. 



DELTA OUTFLOW RESULTING FROM ALTERNATIVE 
WATER QUALITY CONTROL PLANS 
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(DRY and CRITICAL YEARS on FOLLOWING PAGE) 
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DELTA OUTFLOW RESULTING FROM ALTERNATIVE 
WATER QUALITY CONTROL PLANS 
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CHAPTER VI 

DESCRIPTION OF PROPOSED BOARD ACTION 

The water qua l i ty  cont ro l  plan f o r  t h e  Sacramento-San Joaquin 

Delta and Suisun Marsh has been prepared under t h e  Board's water 

qua l i ty  control  au thor i ty  and represents  the  culmination of t h i r t y -  

two days of evidentiary hearing i n i t i a t e d  on November 15, 1976, 

and concluded on October 7, 1977. Section 13170 of t h e  Water Code 

provides t h a t  t h e  Board may adopt water qua l i ty  control  plans f o r  

waters f o r  which water q u a l i t y  standards a r e  required by t h e  

Federal Water Pol lut ion Control Act, as amended. Such plans .when 

adopted supersede any regional  water q u a l i t y  control  plan (Basin 

Plan) f o r  t h e  same waters t o  t h e  extent  of any conf l ic t .  

The evidentiary record w i l l  be used a l s o  i n  formulating a water 

r i g h t  decis ion t o  implement appl icable  provisions of t h e  plan 

through revis ions  of terms and conditions i n  permits of t h e  

Department and Bureau. The ju r i sd ic t ion  reserved by the  Board 

t o  r ev i se  o r  formulate addi t ional  terms and conditions i n  these  

permits covers th ree  general areas:  (1) s a l i n i t y  control, (2) 

protect ion of f i s h  and wi ld l i fe ,  and (3)  coordination of terms 

and conditions of t h e  respect ive  permits f o r  t h e  SWP and CVP. 

.( 
The plan i s  designed t o  preserve Delta water q u a l i t y  and t o  pro tec t  

benef ic ia l  uses of these suppl ies  over the  next t.en years. The 

plan cons is t s  of th ree  e s s e n t i a l  elements: (1) designation of 



benef ic ia l  uses t o  be protected, (2)  establishment of water 

q u a l i t y  standards f o r  reasonable protect ion of benef ic ia l  uses, 

and (3)  establishment of a  program of implementation needed f o r  

achieving these  water q u a l i t y  standards. 

The recommended water q u a l i t y  standards f o r  t h e  Sacramento-San 

Joaquin Delta and Suisun Marsh a r e  shown i n  Table VI-1 a t  t h e  

end of t h i s  chapter. The t ab le  a l so  contains operational cont ro ls  

t o  ensure t h e  pro tec t ion  of benef ic ia l  uses a t  desired leve ls .  

A. PROGRAM OF IMPLEMENTATION 

The program of implementation (Chapter V I I  of t h e  water 

qua l i ty  control  plan) contains not only t h e  control  ac t ions  

necessary f o r  implementation of t h e  water qua l i ty  cont ro l  plan, 

but o f f e r s  policy ass is tance  t o  the  pro jec t  operators f o r  use i n  

t h e i r  long-range planning a c t i v i t i e s .  Included a l s o  is a monitor- 

ing  program t o  assess  t h e  effect iveness  of the  plan i n  protect ing 

benef ic ia l  uses. 

Control Actions 

Implementation of the  program and achievement of t h e  water q u a l i t y  

standards r e l i e s  primarily upon t h e  Board's control  au thor i t i e s .  

However, successful implementation is  a l s o  dependent on ac t ions  

by other  s t a t e ,  f e d e r a l  and l o c a l  agencies. Only a  br ief  dis-  

cussion of t h e  major ac t ions  i s  s e t  f o r t h  below ( f o r  a  more 

de ta i led  discussion see  Chapter V I I  of t h e  plan). 



S t a t e  Water Resources Control Board. A t  t he  time it adopts t h e  

water qua l i ty  control  plan, the  Board w i l l  adopt a corresponding 

water r i g h t  decision amending terms and conditions f o r  permits of 

the  SWP and CVP. However, a  s e r i e s  of other  ac t ions  by the .Board 

w i l l  be required i n  order t o  implement t h e  plan more f u l l y  and 

resolve a l l  t h e  concerns which cannot now be f u l l y  addressed f o r  

various reasons. 

Department and Bureau. To t h e  f u l l  extent of t h e i r  operational 

capab i l i t i e s ,  t he  Department and Bureau a r e  responsible f o r  

meeting t h e  water q u a l i t y  standards . of t h e  water q u a l i t y  control  

plan. These water q u a l i t y  standards w i l l  be incorporated i n t o  

t h e i r  respect ive water r i g h t  plermits through t h e  corresponding 

water r i g h t  decision. 

Protect ion of the  Suisun Marsh i s  a  mit igat ion respons ib i l i ty  of 

both the  SWP and CVP. For t h i s  reason, t h e  Department and Bureau 

w i l l  be required by conditions i n  t h e i r  water ~ i g h t  permits to:  

1. Develop a sa t i s fac to ry  work plan by July 1, 1979 

t o  mit igate  f u l l y  the  adverse impacts of p ro jec t  

operatioris 011 Suisun Marsh. 

2. Complete i n i t i a l  components of such Suisun Marsh 

plan by January 1, 1980. 

3. Sa t i s fy  spec i f j  c standards f o r  f u l l  Marsh protect ion 

by October 1, 1984. 

The most p r a c t i c a l  so lu t ion  f o r  the long-term protect ion of 

southern Delta agr i  cull-  l~rc: i s  through the  construction of physical  

f a c i l i t i e s  t o  provide adeqi~ate c i rcula t ion ,  and provision of 



supplemental supplies.  If. necessary physical  f a c i l i t i e s  a r e  

constructed, the  c i r cu la t ion  flows needed may be only a moderate 

increase above those already committed from New Melones Reservoir. 

Current negot iat ions between the p ro jec t  operators and the  South 

Delta Water Agency concerning the  con:;truction of c i r cu la t ion  

f a c i l i t i e s  and provision of supplemental suppl ies  i n  the  southern 

Delta appear t o  be d i rec ted  toward the most p r a c t i c a l  so lu t ion  f o r  

long-term protec t ion  of southern Delta agricul ture .  These negotia- 

t i o n s  should be concluded as soon a s  pract icable ,  a t  l e a s t  by 

January 1980. If an agreement is  not executed by January 1, 1980, 

the Board w i l l  examine i n  d e t a i l  southern Delta water r ights ,  deter-  

mine the  causes and sources of any encroachment, and take  appro- 

p r i a t e  enforcement action. 

Monitorinn Program 

The effect iveness  of and compliance w i t h  a water q u a l i t y  control  

plan cannot be assessed without a carefu l ly  designed monitoring 

program. The monitoring program s e t  f o r t h  i n  Chapter VII of the  

plan provides f o r  co l l ec t ion  of  the  data necessary t o  measure 

compliance with the water qua l i ty  standards, and presents  the  

spec ia l  s tud ies  t h a t  a r e  needed t o  address t h e  major concerns 

t h a t  cannot be resolved now due t o  lack  of data. The monitoring 

program w i l l  be implemented cooperatively by the  Department and 

Bureau through conditions i n  t h e i r  respect ive  water r i g h t  permits. 

Changinp Conditions 

This element of t h e  implementation program is  intended t o  provide 

guidance t o  pro jec t  operators f o r  the  longer term, beyond the  



effec t ive  period of th i s ,p lan .  Changing conditions have been 

divided i n t o  two basic categories:  those having a po ten t i a l  

s igni f icant  impact on f u t u r e  pro jec t  f a c i l i t i e s  and those which 

could have an impact on current  pro jec t  operations. 

Impact on Future F a c i l i t i e s .  Water development agencies i n  t h e  

s t a t e  a r e  cur rent ly  planning subs tan t i a l  new f a c i l i t i e s .  A s  p a r t  

of t h i s  planning process, these agencies must make sound deter- 

minations of the  f i rm y ie ld  expected from such proposed f a c i l i t i e s .  

The y ie ld  of f u t u r e  Department and Bureau f a c i l i t i e s  i n  t h e  

Sacramento River Basin w i l l  depend l a rge ly  on t h e  amount of 

unregulated flow avai lab le  f o r  appropriation from t h i s  source. 

The fac to r s  l i s t e d  below may g rea t ly  a f f e c t  t h e  amount of unregu- 

l a t e d  flow avai lab le  f o r  f u t u r e  appropriation. I n  t h i s  sec t ion  

t h e  Board provides general guidance on these  f a c t o r s  i n  order  t o  

a s s i s t  t h e  Department and Bureau i n  planning t h e i r  a c t i v i t i e s  f o r  

conditions subs tan t i a l ly  beyond the e f fec t ive  period of t h e  plan. 

Th i s  general guidance is  d i rec ted  toward concerns regarding pro- 

v is ion  of unregulated Delta outflow f o r  San Francisco Bay ecolo- 

g ica l  needs and adequate winterm-spring outflows f o r  upper estuary 

productivity,  maintenance of f i she ry  resources a t  h i s t o r i c a l  leve ls ,  

and the res tora t ion  of na tura l  net  downstream flows i n  a l l  Delta 

channels (see Chapter V I I  of the  plan f o r  a  f u l l  discussion of 

t h i s  subject)  . 



o San Francisco Bay 

1. Operation s t u d i e s  f o r  planning of fu ture  f a c i l i t i e s  

should allow f o r  surges i n  Delta outflow. Surges a r e  incremental 

increases  i n  flow occurring during a shor t  period of time. These 

higher flow r a t e s  need not, be maintained f o r  any spec i f i c  period 
- . 

of time. Surges should be a t  l e a s t  10,000 c f s  within a f i v e  t o  

t e n  day i n t e r v a l  on an average of f o u r  times per  year  f o r  the  

h i s t o r i c a l  hydrologic period from 1939 t o  1976,. based on average 

h i s t o r i c a l  conditions. Thjs means t h a t  ne i the r  addi t ions  t o  up- 

stream storage f a c i l i t i e s  nor increased exports of unregulated 

Delta inflow should i n t e r f e r e  with these shor t  term b u r s t s  of 

increased Delta outflow. 

2. Surges (increii~ental  increases)  i n  Delta outflow of 

a t  l e a s t  10,000 c f s  should occur within a f i v e  t o  t e n  day i n t e r  

v a l  a t  l e a s t  once each year* over the  yiel-d-determining seven 

year  dry cycle ( 1926-19 j 4). 

o Upper Estuary Productivity.  U n t i l  t h e  e f fec t  of extended 

periods of low-flow conditions p r i o r  t o  June on t h e  flow-abundance 

re la t ionships  f o r  Neomvsis and young s t r iped  bass is  more f u l l y  

understood, t h e  following general guidance f o r  long-term water 

development planning has been established: 

The 14-day mean e l e c t r i c a l  conductivity values a t  

P i t t sburg  during January, February and March should 

not exceed those experienced f o r  t h e  same period i n  

1976, throughout t h e  50-year llydrologic planning 

period (1922-1971). 
VI-6 



o Maintenance of Fishery Resources a t  His tor ica l  Levels. 

Based on ex i s t ing  conditions the Board has determined t h a t  fishery 

resources i n  the  Bay-Delta estuary should be maintained a t  aevels 

t h a t  a t  l e a s t  approach those l e v e l s  t h a t  would have exis ted  had 

the  CVP and SWP not been b u i l t .  Higher l e v e l s  of f i she ry  resources 

a re  desirable,  but cannot be a t t a ined  i n  the  public i n t e r e s t  with 

current project  f a c i l i t i e s .  However, a-ny fu ture  Delta t r a n s f e r  

f a c i l i t y  o r  upstream projec t  f a c i l i t i e s  should: 

(1) ensure the maintenance of f i she ry  resources i n  

the estuary on the  average a t  h i s t o r i c a l  l eve l s  

(1922-1967) (Conditions upstream of the  es tuary  . 

may l i m i t  the abundance of some species; t h i s  

pol icy deals  only with those f a c t o r s  i n  the  Bay- ' 

Delta estuary t h a t  l i m i t  species  abundance), and 

(2 )  include a f i s h  screen system capable of salvaging 

95 percent of the  f i s h  more than 1+ inches long. 

o Net Downstreani Flows i n  Delta Channels. Project  caused 

net  flow reversa ls  i n  Delta channels a re  detrimental  t o  the  

f i shery  t h a t  l i v e  i n  o r  pass through the  Delta. Any fu ture  Delta 

water t r a n s f e r  facilities should: 

(1) restore  ne t  downstoream flows a t  a l l  times i n  

a l l  Delta channel:;, and 

( 2 )  provide water i n  the San Joaquin River upstream of 

the Mokelumne River, i n  Old River and i n  Middle 

River t o  be primarily of San Joaquin River o r ig in  

from September 1 through November 30. 



Impact on Current ProSect Operations. There a r e  a l s o  other  

f a c t o r s  which could have impacts (both favorable and adverse) 

on current p ro jec t  operations. These f a c t o r s  can be addressed 

now only i n  a general  way because of a lack of adequate technical  -. 
information and t h e  uncertainty of fu tu re  act ions by other  agencies. 4 

Current knowledge re l a t ed  t o  s a l i n i t y  requirements i n  sub i r r i -  
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involve the  re la t ionships  between the  appl ied water and s o i l  

water s a l i n i t i e s ,  s a l i n i t y  to lerances  a t  d i f f e ren t  s tages  of 

p lant  development, and water q u a l i t y  needs outside the  i r r i g a -  

t i o n  season. Additional information and refinement of technica l  

approaches w i l l  be e s s e n t i a l  i n  these a reas  i n  the  fu ture  review 

of the a g r i c u l t u r a l  standards contained i n  the Delta Plan. The 

Board and o the r  s t a t e  and l o c a l  agencies w i l l  be pa r t i c ipa t ing  

with the  U. C. Cooperative Extension i n  research programs t o  

y ie ld  a f u l l e r  understanding i n  these areas  of concern. 

Also overland suppl ies  t o  t h e  western Delta a r e  cur rent ly  being 

considered by t h e  pro jec t  operators and Delta i n t e r e s t s  a s  a 

possible  method t o  conserve water and f u l l y  pro tec t  western Delta 

agr icul ture .  If such suppl ies  a r e  provided, it i s  possible  t h a t  

t h e  Emmaton and Jersey  Point water qua l i ty  standards f o r  agricul-  Y - 

t u r e  could be modified. However, before any decision i s  made, the  e 

- 
Board would have t o  be assured t h a t  other  benef ic ia l  uses protected 

by t h e  above standards would not be a f fec ted  adversely. * 



B e  RENIEW OF BOARD ACTION - 

The purpose of' a water q u a l i t y  cont ro l  plan is  t o  provide pos i t ive  

and firm di rec t ion  f o r  water qua l i ty  control. A s  addi t ional  

information i s  gathered on the Delta, t h e  Board w i l l  review water 

qua l i ty  standards t o  ensure t h a t  benef ic ia l  uses of Delta 

suppl ies  a re  f u l l y  protected. Section 303(c ) ( l )  of the  Federal 

Water Pol lut ion Control Act (PL 92-500) requires  per iodic  review 

( a t  l e a s t  once every three  years) of water qua l i ty  standards 

establ ished i n  water qua l i ty  cont ro l  plans. Periodic review is 

important i n  the Delta i r l  view of the complexity of the estuary 

and the continuing accumulation of per t inent  data. 



Table VI-1 
WATER QUALITY STANDARDS 

FOR THE SACRAMENTO-SAN JDAQUIN DELTA AND SUISUN MARSH& 

BENEFICIAL USE PROTECTED PARAMETER DESCRIPTION YEAR TYPEY VALUES 

and LOCA TlON 

MUNICIPAL and INDUSTRIAL 
Contra Costa Canal Intake 
at  Pumping Plant No. 1 

Chloride hlaximum Mean Daily 
in mgl i  

A l l  

Contra Costa Canal lntake 
at  Pumping Plant No. 1 

or 
Antloch Water Works lntake 
on San Joaquin River 

Chloride Maximum Mean Dally 150 mgl l  
Chloride for at  least the number 
of days shown during the 
Calendar Year. Must be provided 
in  intervals of not less tban 
two weeks duration. (% of Year 
shown in  parenthesis) 

Number of Days Each Calendar Yea 
Less fhan 1150 mg/lCli lorlde 

Wet 
Ab. Normal 
BI. Normal 
Dry 
Crlt lcal 

Clfy of Vallelo Intake Chloride 
at Cache Slough 

Maximum Mean Daily CI' 
In mgl l  

Cli f ton Court Forebay Intake Chloride 
at  West Canal 

Yaximum Mean Daily C T  
in mgl l  

Delta Mendota Canal Chloride 
at Tracy Pumping Plant 

Maximum 
in mgl l  

Mean Daily 

AGRICULTURE 0.45 EC EC from Date 
Aprl l  1 to Shown 31 to 
Date Shown Aug. 15 WESTERN DELTA 

Emmaton on the Electrical Maximum 14-day Running 
Conductivity Average of Mean Daily Wet 

Ab. Normai 
Bi. Normai 
D w  
Crit ical 

Aug. 15 -- 
July I 0.63 
June 20 1.14 
June 15 1.67 - 2.78 

Sacramento River 
EC in-mmhos 

Jersey Point on the 
San Joaquin River 

Electrical Maximum 14-day Running 
Conductivity Average 01 Mean Dally , 

EC in  mmhos 

Wet 
Ab. Normal 
B I. Norma I 
Dry 
c r i t i ca l  

Aug. 75 -- 
Aug. .IS -- 
July 20 0.74 
June 15 1.35 - 2.20 

INTERIOR DELTA 
ferminous on the 
Mokelumne River 

Electrical Maximum 14-day Running 
Conductivity Average of Mean Daily 

EC in mmhos 

Wet 
Ab. Normal 
81. Normal 
Dry 
Crit ical 

Aug. 15 -- 
Aug. 15 -- 
Aug. 15 -- 
Aug. 15 -- -- 0.54 

San Andreas Landing on the Electrical Maximum 14-day Running 
San Joaquln River Conductivity Average of Mean Daily 

EC in mmhos 

Wet 
Ab. Normal 
BI. Normal 
Dry 
Crit ical 

Aug. 15 -- 
Aug. 15 -- 
Aug. 15 -- 
June 25 0.58 -- 0.87 

SOUTHERN DELTA 
Vernaiis or the 
San Joaquin River 

A l l  (after New 500 
Melones 
Reservoir be- 
comes opera- 
tional and unti l  
the standards 
below become 
effective) 

Apr. 1 to Sept. 1 to 
Aug. 31 March 31 

A i l  (to become 0.7 1.0 
effective only 
upon the com- 
pletion of suit- 
able circulation 
and water gypply 
facilities) 

Total Maximum 30-day Running 
Dissolved Average of Mean Daily 
Solids TDS in mgl l  

Tracy Road Bridge on 
Old River 

Electrical Maximum 30-day Running 
Conductivity Average of Mean Daily 

EC in  mmhos Old River near Middle River 
Brandt Brldge on 
Sen Joaquin River 

Vernalis on Sen Joaquin River 



Table VI-1 
WATER QUALITY STANDARCS 

FOR THE SACRAMENTO-SAN JOAQUIN DELTA AND SUISUN MARSHY 

BENEFICIAL USE PROTECTED PARAMETER DESCRIPTION YEAR  TYPE^ VALUES 

and LOCAT ION 

FISH AND WILDLIFE 
STRIPED BASS SPAWNING 

Prisoners Point on the Electrical Average of mean daily EC tor A l l  
Sen Joaquin River Conductivity the period not to exceed 

Chipps Island' Delta Outflow Average 01 the daily Delta A 11 
Index in cfs outtlow Index for the period, 

not less than 

Antroch Waterworks lntake Electrical 
on the San Joaquin River Conductivity 

Antioch Waterworks lntake Elecbical 
Conductivity 
(Relaxation 
Provrsion - 
replaces the 
above Antioch 
and Chipps 
lsland Stan- 
dard whenever 
the projects 
impose 
deficiencies in 
firm supplies 5 

STRIPED BASS SURVIVAL 
Chipps lsland 

SALMON MIGRATIONS 

Rio Vista on the 
Sacramento River 

Average 01 mean daily EC tor Al l  
the period, not more than 

Average 01 mean dally EC lor A l l  - 
the perlod, not more than the whenever 
values corresponding to the the ProlectS 
aeticiencies taken (linear impose 
interpolation to be used to deficiencies 

determine values between 
in trrm 
supplies 5' 

those shown1 

Aprl l  1 to Yay 5 
0.550 mmhes 

Aprl l  1 to April 14 
6700 cts 

April 15 to May 5 
7 . r m y h r -  

Total A n n u a l ' l m ~ e d  Aprll. 1 to May 5 
b f i d e n c ~  F EC in mmhos 

0 1.5 
0.5 1.9 
1.0 2.5 
1.5 3.4 
2.0 4.4 
3.0 10.3 
4.0 or more 25.2 

Delta Outflow Average of the daily Delta May 6-31 June July 
Index in cts outflow index lor each period Wet 14,000 14,000 10.000 

shown not less than Ab. Normal 14,000 10,700 7,700 
81. Normal 11.400 9,500 6,500 
Subnormal 

Snowmelt . 6.500 5,400 3,600 
Dry 6' 4,300 3,600 3,200 
Dr 7 / o r  

X i t i c a l  3,300 3,100 2,900 

Computed net Minimum 30-day running 
stream flow average of mean daily 
in cfs net flow 

Feb. 1- Uar.16- 
Jan. Mar. 15 June 30 - -- 

Wet 2.500 3,000 5,000 
Ah. Norma I 2,500 2,000 3,800 
B I. Normal 2,500 2,000 3,000 
Or or 

Zrit ical 1,500 1,000 2.000 

Sept. 1- 
July , Aug. Dee. 31 

Wet 5.000 
Ah. Normal 2,000 1,000 2,500 
61. Normal 2.000 1,000 2,500 
Dry or 

Crit ical 1,000 1,000 1,500 

SUISUN MARSH 
Chipps Island at Electrrcal Maximum 28-dey running Wet 

Jan.-Mav .Oct.-Dec. 
12.5 mmhos 12.5 mmhos 

OBA Ferry Landing Conductrvrry everage of mean daily EC Ab. Normal 12.5 mmhos 12.5 mmhos 
81. Normal 12.5 mmhos 12.5 mmhos 
Dry or 

Crlt ical 12.5 mmhos 15.6 mmhos 
(The 15.6 mmhos EC Standard applies 
only when project water users are taking 
deficiencies in scheduled water supplies 8' 
otherwise the 12.5 mmhos EC remains 
in effect.) 

Chipps lsland Delta Outflow Average of the daily Wet 
Index in  cfs Delta outflow index lor 

each month, not less than Subnormal 
values shown Snowmelt 

Minimum daily Delta Ab. Norm. and 
outtlow rndex for 60 81. Norm. 
consecutrve days in 
the mrtod 

F ebruary-May 

February-April 
10.000 cts 

January-April 
12.800 cfs 



Table VI-1 
YATER QUALITY STANDARDS 

FOR T H E  SACRAMENTO-SAN JOAQUIN DELTA AND SUISUN MARSH&' 

BENEFICIAL USE PROTECTED PARAMETER DESCRIPTION VEAR TYPE& VALUES 

and LOCA TlON - 
FISH AND WILDLIFE 

SUISUN MARSH 

Chipps Island (continued) Delta Outflow Average of the daily Uelta 
Index in cfs outflow index for each month, 

not less than values shown 

Coll insvi l le on Sacramento Electrical 
River (C-2) Conductivity 

Miens Landing 
Slough (S-64) 

Montezuma 

Montezuma Slough at Cutofl 
Slough (S-48) 

Montezuma Slough near mouth 

Suisun Slough near Volanti 
Slough (S-42) 

Suisun Slough near mouth (S-311 

Goodyear Slough south 
of Pierce Harbor (S-351 

Cordelia Slough above 
S. P. R.R. (S-321 

OPERATIONAL CONSTRAINTS 

Minimize diversion 01 Diversrons 
young striped bass from in cts 
the Delta 

Minimize diversion of 
young striped bass into 
Central Delta 

Minimize cross Delta move- 
ment of Salmon 

The monthly average of both 
daily high tide values not 
to exceed the values shown 
(or demonstrate that equiva- 
lent or better protection w i l l  
be provided at the location) 

The mean monthly diversions 
from the Delta by the State 
Water Project (Department) 
not to exceed the values 
shown. 
The mean monthly dlversions 
trom the Delta by the Central 
Valley Project (Bureeu), not 
to exceed the values shown 

A l l  ( i f  greater 
flow not required 
by above stan- 
dard ) -whenever 
storage i s  at or 
above the mlni- 
mum level In the 
flood control 
resewation en- 
velope a t  two gut 
of three o! the 
following: Shasta 
Resewoir, Oroville 
Resewoir, and CVP 
storage on the 
American River 

A l l  - To become 
effective . 
Oct. 1, 1984 

Closure of Delta cross channel A l l  - whenever 
gates tor up to 20 days but no the dally Delta 
more than two out of four outflow index 
consecutive days at the dis- . Is greater then 
cretion of the Department of 12,000 cfS 
Fish and Game upon 12 hours 
notice 

Closure of Delta Cross Channel A l l  
gates (whenever the daily 
Delta outllow index is greater 
than 12,000 cts)  

Month mmhos -- 
Dct. 19.0 
Nov. 15.5 
Dec. 15.5 
Jan. 12.5 
Feb. 8.6 
Mar. 8.0 
Apr. ' 11.0 
May 11.0 

Mav June July 
3,000 3,000 4,600 

May June 
3,000 3.000 

Jan, 1-April 15 



Table VI-1 
WATER QUALITY STANDARDS 

FOR THE SACRAMENTO-SAN JOAQUIN DELTA AND SUlSUN MARSH 

FlSH PROTECTIVE FACILITIES 

Maintain appropriate records of the numbers, sizes, kinds of fish salvaged and of water export rates and fish 
facility operations. 

STATE FISH PROTECTIVE FACIL ITY 

The facility i s  to be operated to meet the following standards to the extent that they are compatible with water 
export rates: 

(a) King Salmon - from November through May 14, standards shall be as follows: 
(1) Approach Velocity - 3.0 to 3.5 feet per second 
(2) Bypass Ratio - maintain 1.2:l.O to 1.6:l.O ratios in both primary and secondary channels 
(3) Primary Bay - not critical but use Bay B as first choice 
(4) Screened Water System - the velocity of water exiting from the screened water system is  not to exceed 

the secondary channel approach velocity. The system may be turned off at the discretion of the operators. 
(b) Striped Bass and White Catfish - from May 15 through October, standards shall be as follows: . 

(1) Approach Velocity - in both the primary and secondary channels, maintain a velocity as'dlose to 1.0 
feet per second as is possible 

(2) Bypass Ratio 
(i) When only Bay A (with center wall) is in operation maintain a 1.2:l.O ratio 
( i i )  When both primary bays are in operation and the approach velocity i s  less than 2.5 feet per second, 

the bypass ratio should be 1.5:l.O 
( i i i )  When only Bay B is operating the bypass ratio should be 1.2:l.O 
(iv) Secondary channel bypass ratio should be 1.2:l.O for a l l  approach velocities. 

(3) Primary Channel - use Bay A (with center wall) in preference to Bay B 
(4) Screened Water Ratio - i f  the use of screened water is necessary, the velocity of water exiting the 

screened water system is not to exceed the secondary channel approach velocity 
(5) Clifton Court Forebay Viater Level - maintain at the highest practical level. 

TRACY FlSH PROTECTIVE FACIL ITY 
The secondary system is to be operated to meet the following standards, to the extent that they are cornpati ble 
with water export rates: 
(a) The secondary velocity should be maintained at 3.0 to 3.5 feet per second whenever possible from February 

through May while salmon are present 
(b) To the extent possible, the secondary velocity should not exceed 2.5 feet per second and preferably 1.5 feet 
, per second between June 1 and August 31, to increase the efficiency for striped bass, catfish, shad, and other 

fish. Secondary velocities should be reduced even at the expense of bypass ratios in the primary, but the ratio 
should not be reduced below 1:l.O 

(c) The screened water discharge should be kept at the lowest possible level consistent with i ts purpose of 
minimizing debris in the holding tanks 

(d) The bypass ratio in the secondary should be operated to prevent excessive velocities in the balding tanks, but 
in no case should Ule bypass velocity be less than the secondary approach velocity. 

FOOTNOTES 
J Lxi:t*pt IUI flow, ,111 V,I~III!:, , t t t *  I~II *,IIII,IL,~I ~ ~ I I I ~ I  I I I ~ Y , I : , I I I U I I I ~ ~ I I ~ : , .  L.XLC~II~ 1it1 IIow, ,111 IIIU#III di111y V,IIII~**. ~IIV b~tbtqd 

on at least hourly measurements. Al l  dates are ~nclusive. 
21 The year type shall be determined as described in FlGURE111-2. The type determined for any year shall remain - 

in effect until the February forecast for Bulletin 120 or until an earlier estimate becomes available. 
When no date i s  shown in the adjacent column, EC limit in this column begins on April 1. 

d I f  contracts to ensure such facilities and water supplies are not executed by January 1, 1980, the Board wi l l  take 
appropriate enforcement actions to prevent encroachment on riparian rights in the southern Delta. 
For the purpose of this provision firm supplies of the Bureau shall be any water the Bureau i s  legally obligated 
to deliver under any CVP contract of 10 years or more duration, excluding the Friant Division of the CVP, subject 
only to dry and critical year deficiencies. Firm supplies of the Department shall be any water the Department 
would have delivered under Table A entitlements of water supply contracts and under prior right settlements had 
deficiencies not been imposed In that dry or crit ical year. 

6 1  Dry year following a wet, above normal or below normal year. 
Ij Dry year following a dry or critical year. 

Scheduled water supplies shall be firm supplies for USBR and DWR plus additional water ordered from DWR by a 
contractor the previous September, and which does not exceed the ultimate annual entitlement for said contractor. 

NOTE: EC values are mmhos/cm at 25'~. 
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CHAPTER V I I  

The Cal ifornia  Environmental Quality Act requi res  public agencies 
1 

t o  iden t i fy  systematical ly  t h e  s i g n i f i c a n t  e f f e c t s  of proposed 

act ions and t h e  f e a s i b l e  a l t e r n a t i v e s  o r  mit igat ion measures 

which w i l l  avoid o r  subs tan t i a l ly  lessen  such s ign i f i can t  effects .  

Signif icant  e f f e c t s  may be defined as substantial ,  o r  p o t e n t i a l l y  

subs tant ia l ,  adverse changes i n  t h e  environment (Section 21068, ' 

Public Resources code). Po ten t i a l ly  s ign i f i can t  impacts a r e  

l i s t e d  i n  Appendix G of t h e  S t a t e  EIR Guidelines ( T i t l e  14, 

Cal i fornia  Administrative Code). The f ac to r s  considered i n  manda- 

to ry  f indings of s ignif icance a r e  s e t  f o r t h  i n  Section 15082 of 

the  Guidelines. I n  accordance with t h e  above guidance, the ,  Lard 

has made t h e  following assessment of po ten t i a l  environmental 

impacts of t h e  proposed action. 

Current s a l i n i t y  cont ro ls    asi in 5B and 2 Plans and Decision 

D 1275) and operations of the  CVP and SWP have brought about 

ce r t a in  changes i n  the pa t t e rn  of Delta outflow and s a l i n i t y  

i n  the  Sacramento-San Joaquin Delta and Suisun Marsh. These 

conditions comprise the "no act ionn a l t e rna t ive .  The current  

outflow and s a l i n i t y  pa t t e rns  r e f l e c t  the  needs of municipal, 

i n d u s t r i a l  and agr i cu l tu ra l  water users  i n  the  Delta. I n  

addition,  these conditions a re  intended t o  provide protect ion 

t o  key f i s h  and wi ld l i f e  species  i n  the Delta and Suisun Marsh. 



Since t h e  adoption of the  basin plans considerable information 

regarding t h e  Delta and Suisun Marsh has been developed. Many 

concerns which were unanswered i n  t h e  Basin Plans can now be 

addressed. However, as indicated i n  the  d r a f t  plan, t h e  proposed 
*t 

Board ac t ion  is not intended as t h e  f i n a l  so lu t ion  f o r  t h e  Delta 
. * 

and Suisun Marsh. 

The proposed ac t ion  would br ing about changes i n  current  pa t te rns  

of outflow and s a l i n i t y  i n  t h e  Delta and Marsh. I n  view of t h i s ,  

an attempt has been made t o  i d e n t i f y  a l l  s i g n i f i c a n t  environmental 

impacts on major benef ic ia l  uses i n  t h e  Delta and Marsh. The 

f i n a l  s t e p  i n  t h e  environmental assessment is  a  comparison of t h e  

impacts of t h e  "no act ionw a l t e r n a t i v e  and the  proposed Board 

ac t ion  (Alternative IV). 

The overa l l  protect ion under t h e  proposed ac t ion  would be grea ter  

than the  "no action" a l t e r n a t i v e  while requi r ing  l e s s  freshwater 

outflow. This reduction i n  Delta outflow is made possible  by a 

more e f f i c i e n t  use of Delta water suppl ies  and a  b e t t e r  understand- 

i n g  of benef ic ia l  use needs i n  the  Delta. However, t h e  proposed 

ac t ion  does have some po ten t i a l  adverse impacts. The purpose of 

t h i s  chapter i s  t o  discuss these  impacts and t h e  measures taken 

t o  mi t iga te  them. 

It should be kept i n  mind t h a t  "no act ionw under CEQA i s  

not intended t o  l i m i t  the  consideration of f a c t o r s  t o  current 



conditions, but r a t h e r  a l s o  includes conditions r e l a t i v e l y  

ce r t a in  t o  occur without the  proposed action. I n  t h i s  context,. 

during 1977 it was necessary f o r  the  Board t o  relax t he  basin 

plan standards t o  conserve l imi ted  upstream supplies  and t o  

mitigate the  impact of the  1976-77 drought on benef i c i a l  uses  

of Delta suppl ies  throughout the  t a t e .  This emergency ac t ion  

by the  Board was supported by e s s e n t i a l l y  a l l  a f fec ted  agencies 

and par t ies .  

I n  view of subs tan t i a l  improvements i n  the water supply s i t u a t i o n  

and Delta recovery from s a l i n i t y  intrusion,  the  Board repealed 

t h i s  emergency ac t ion  on February 2, 1978. Even though e m e r  . 

gency ac t ions  have not been incorporated i n  the  d e f i n i t i o n  of 

"no actionw, it i s  highly probable, i f  conditions s i m i l a r  t o  

the  1976-77 drought occur i n  the  future,  t h a t  s~ch~emergency  

ac t ions  would be necessary under t h e  "no act ionw a l t e r n a t i v e  

t o  avoid depleting upstream supplies  and los ing  complete cont ro l  

of Delta sa l in i ty .  

The proposed ac t ion  dea ls  with a l imi ted  resource and involves 

e s sen t i a l ly  the  a l loca t ion  of water shortages. The proposed ac t ion  

provides a reasonable l e v e l  of pro tec t ion  t o  a l l  uses  of Delta 

supplies, recognizing the  severe consequences i f  upstream 

supplies  a re  exhausted. 



DISCUSSION OF POTENTIALLY SIGNIFICANT IMPACTS 

Municipal and I n d u s t r i a l  - Contra Costa Canal Intake 

Under the  proposed ac t ion  municipal and i n d u s t r i a l  water use r s  of 

Contra Costa Canal suppl ies  would receive fewer days of 150 mg/ l  
u 

chloride water i n  a l l  years  except wet years, than under t h e  "no - I 

act ionw a l te rna t ive .  The reduction i n  the  number of .days  of 150 
.L 

m g / l  chlor ide o r  b e t t e r  water could range from about 10 days i n  • 

above normal years  t o  80 days i n  a c r i t i c a l  year. The economic 

impact of t h i s  reduction i n  the  a v a i l a b i l i t y  of su i t ab le  water 

qua l i ty  cannot be quantified,  but i s  a po ten t i a l ly  s i g n i f i c a n t  

impact a t t r i b u t a b l e  t o  t h e  proposed action. Other impacts r e l a t ed  

t o  c r i t i c a l  year  conditions a r e  a l so  po ten t i a l ly  s igni f icant .  These 

c r i t i c a l  year  impacts could increase cos t s  of water treatment f o r  

i n d u s t r i a l  process water and o ther  uses, reduce the  reclamation ' 

p o t e n t i a l  of wastewater, and increase the  p o t e n t i a l  f o r  some crop 

decrement t o  sa l t - sens i t ive  t r e e  crops and ornamental shrubs 

t h a t  a re  sp r ink le r  i r r iga ted .  

The proposed ac t ion  ( ~ l t e r n a t i v e  IV) would ensure municipal and 

i n d u s t r i a l  users  i n  the  Antioch area  of a s u b s t i t u t e  supply 

from the  Contra Costa Canal comparable t o  t h e i r  enti t lement 

offshore a t  Antioch. 

Rights of users  of Contra Costa Canal water, o ther  than those who 

have r i g h t s  t o  d i v e r t  from the  San Joaquin River, a r e  contractual.  

These cont rac ts  with the  Bureau do not specify any l i m i t  t o  

s a l i n i t y  of water which may be delivered. However, i n  view of 

the water qua l i ty  1evt.l:; required undcr- t t ~ c  proposed ac t ion  f o r  

the  Contra Costa Canal, these water users  would be assured a 

water qual i ty '  b e t t e r  than t h a t  f o r  which they have contracted. 
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A s  previously indicated,  during 1977 emergency ac t ions  by the 

Board were required t o  pro tec t  the Delta during the  unprecedented 

1976-77 drought. The s a l i ~ i i t y  conditions expedenced by Contra 

Costa Canal water users  during the  1977 c r i t i c a l  year  were con- 

s iderably worse than those provided f o r  c r i t i c a l  years  under t h e  

proposed action. Under the  "no act ionw a l t e rna t ive ,  it is highly 

probable t h a t  i n  fu ture  c r i t i c a l  years, re laxat ion  of Delta water ., 
qua l i ty  standards would be required t o  avoid depleting upstream 

reservoirs  t o  dangerous l e v e l s  and los ing  the  capab i l i ty  t o  pro- 
. . 

vide any protect ion a t  a l l  t o  the  Delta. Such periodic  r e lwa-  . . . . 

t i ons  could crea te  conditions worse than those provided f o r  i n  

the  proposed ac t ion  f o r  c r i t i c a l  years. 

During the  e n t i r e  1977 calendar year  the  water qua l i ty  provided 

Contra Costa Canal water users  was never as good as 150 m g / l  

chloride and was a s  high a s  300 m g / l  chloride. While none of 

the i n d u s t r i a l  customers i n  the  Antioch area were forced t o  

close due t o  adverse water qua l i ty  conditions, f i n a n c i a l  impacts 

were l i k e l y  sustained by these indus t r i e s ,  and o ther  users. 

Agriculture 

The proposed act ion would r e s u l t  i n  pa t t e rns  of Delta outflow and , 

s a l i n i t y  which arc? a l~~~roxi rna te ly  equal t o  o r  b e t t e r  than the  water 

qual i ty  avai lab le  under tJ~c "no act ionw a l te rna t ive .  No s ign i f i -  

cant environmental impacts a re  expected t o  occur t o  ag r i cu l tu re  i n  

the  Delta +her than i n  the  western Delta a s  discussed below. 

Western Delta. Thc cnmpoaite of standards under the proposed 

ac t ion  would provide b e t t e r  water qualYty conditions. i n  dry, . . . . 



below normal, above normal and wet years than those of the  "no 

action" a l te rna t ive .  Only i n  c r i t i c a l  years  would conditions 

under the  proposed ac t ion  be worse than those of the  "no act ionw 

a l te rna t ive .  The economic e f fec t  of increased s a l i n i t y  during 

c r i t i c a l  years  i s  not quant i f iab le  with avai lab le  information. 

However, t h i s  increase i n  s a l i n i t y  would cons t i tu te  a po ten t i a l ly  

s ign i f i can t  impact. 

Individually,  the  a g r i c u l t u r a l  standards i n  the proposed ac t ion  

o f fe r  g rea te r  pro tec t ion  than those of the  "no action1' a l terna-  

t i v e  during wet, above normal, below .normal and dry years. I n  - 

c r i t i c a l  years  the  same l e v e l  of protect ion i s  provided by the  

a g r i c u l t u r a l  standards of both the  proposed ac t ion  and the 

"no act ionw a l te rna t ive .  

A s  discussed above, it is  highly probable under the  "no act ionn 

a l t e r n a t i v e  t h a t  re laxat ion of Delta water -qual i ty  standards would 

be required during c r i t i c a l  years. These periodic  relaxat ions 

could crea te  conditions worse than those of t h e ,  proposed action. 

For instance,  during the  1977 i r r i g a t i o n  season western Delta agri- 

cu l ture  experienced considerably worse water q u a l i t y  than t h a t  of 

the  proposed ac t ion  f o r  c r i t i c a l  years. Based on avai lab le  infor- 

mation, it does not appear that these high s a l i n i t i e s  have 

resul ted  i n  any severe impacts t o  ag r i cu l tu re  i n  the  western Delta. 
? 

Fish and Wildlife 

Str iped Bass Spawning. The proposrd ac t ion  would require  mainte- 

nance of su i t ab le  conditions f o r  s t r i p e d  bass spawning i n  a l l  but 

extremely water shor t  years. During water shor t  years  when 

def ic iencies  a re  imposed by the CVP and SWP on the  firm supplies 
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of pro jec t  water users,  increases  i n  Delta s a l i n i t y  a r e  allowed - 

which could reduce the s t r i p e d  bass spawning area i n  the  lower 

San Joaquin River. The impact on s t r i p e d  bass abundance of t h i s  

short-term reduction i n  spawning a reas  cannot be determined with 

avai lab le  information. The po ten t i a l  of a s ign i f i can t  environ-. 

mental impact t o  s t r i p e d  bass spawning from t h e  proposed ac t ion  

i s  considered ins igni f icant .  I n  any event, s tud ies  cur rent ly  

underway by Fish and Game should determine i f  these  impacts of , . 
. . 

spawning area reductions a re  s igni f icant .  The Board will con- 

s i d e r  Fish and Gamet s f indings and recommendations from these 

s tud ies  i n  i ts periodic  review of standards. 

Productivitv of Aquatic Life. 

NOTE: Based on modifications made t o  the  plan the  po ten t i a l ly  

s ign i f i can t  adverse impacts of the proposed act ion on produc- 

t i v i t y  of aquat ic  l i f e  has been avoided. 

Suisun Marsh. 

NOTE: Revisions h ~ v e  been made t o  the  plan t o  ensure interim 

protect ion t o  Suisun Marsh comparable t o  the  "no act ionw 

a l te rna t ive .  These revis ions w i l l  ensure t h a t  po ten t i a l ly  

s ign i f i can t  adverse impacts a re  avoided. 

B. MITIGATION MEASURES TO REDUCE OR AVOID SIGNIFICANT IMPACTS 

A s  indicated above, changes i n  s a l i n i t y  of Delta waterways allowed 

by the proposed ac t ion  could have po ten t i a l ly  s ign i f i can t  impacts 

on the  following: (1) municipal and i n d u s t r i a l  users  of the  Contra 

Costa Canal, and ( 2 )  agr icul ture  i n  the  western Delta. 
. . .  

. . 
. . 



The l e v e l  of pro tec t ion  provided these municipal, i n d u s t r i a l  and 

agr icul ture  uses  i n  the  proposed ac t ion  is cons is ten t  with the  

vested water r i g h t s  of such users. No attempt has been made t o  

enhance the  water qua l i ty  ent i t lements  of those users. I n  accord- & 

ante with the  Delta Protect ion Act, if these water use r s  des i re  

add i t iona l  benef i t s  i n  excess of t h e i r  vested r ights ,  such bene- d 

fits can be obtained from the  pro jec t  operators through cont rac ts  

providing f o r  payment f o r  the  benef i t s  received. 

C. THE RELATIONSHIP BETWEEN LOCAL SHORT-TERM USES OF MAN'S 
ENVIRONMENT AND THE MAINTIBIANCE AND ENHANCEFJIENT OF LONG 
TERM PRODUCTIVITY 

Fish and Wildlife - Suisun Marsh 

The proposed ac t ion  would provide long-term protect ion of 

Suisun Marsh through mit igat ion measures which the  Department 

and Bureau would be required t o  implement. I n  the  near-term, 

p r i o r  t o  f u l l  implementation of the  mit igat ion f a c i l i t i e s ,  

waterfowl food production could be reduced during dry and 

c r i t i c a l  years  unless  the  required inter im measures of the  

recommended plan a re  implemented. If the Board attempted t o  

require f u l l  protect ion of the Marsh so le ly  with outflow during 

dry and c r i t i c a l  years,  there  i s  a r i s k  of complete exhaustion 

of upstream water suppl ies  and d isas t rous  damage t o  the  Delta 

and Suisun Marsh. However, the recommended plan would not 

r e s u l t  i n  any long-term detriment t o  the Marsh o r  t o  waterfowl 

populations feeding i n  the  Marsh. I f  a dry o r  c r i t i c a l  year 

were t o  occur during the  inter im period resu l t ing  i n  shortage 

of food i n  the  Marsh, a r t i f i c i a l  feeding could be conducted by 

government and p r iva te  agencies t o  avoid any s ign i f i can t  impact 

on the  waterfowl. 



Also, the proposed ac t ion  is a necessary s t ep  toward the  

improvement of Marsh management and would insure a continued: 
.. . 

commitment by pr iva te  landowners t o  maintain the  land f o r  

waterfowl purposes. The proposed ac t ion  i s  consis tent  with 

the  i n t e n t  of the Suisun Marsh Protect ion Act and would assist 

i n  accomplishing the purposes of the  Act. 

Fish and Wildlife - Str iped Bass Spawning 

As indicated by Fish and Game, the  f i she ry  resources possess 

na tu ra l  reproduction mechanisms which insure t h e i r  recovery f r a m  

drought and low flow conditions, much l i k e  o the r  benef ic ia l  uses. 

Recognizing t h i s  rebound capabi l i ty ,  the  Board bel ieves t h a t  

some reduction i n  s t r iped  bass spawning i s  reasonable during 

periods of extreme water shortage. However, such reduction 

must be commensurate with def ic iencies  imposed on f i rm suppl ies  

t o  SWP and CVP water users. Fish and Game is  continuing t o  

assess  the impact of spawning area  reduction which occurred i n  

1977. I f  the  ac tua l  impacts sustained by the  f i shery  a re  more 

severe than ant ic ipated,  t h e  B o y r r l  w i l l  make the necessary revi- 

sions t o  the  f i she ry  standards t o  ensure the  needed protehtion. 

San Francisco Bay 

I n  making a l loca t ions  of the  remaining unregulated Delta outflows, 

consideration must be given t o  the  outflow needs i n  San Francisco 

Bay. However, there  i s  not now enough information avai lab le  t o  

quantify the  benef ic ia l  e f f e c t s  o r  magnitude of unregulated flows 

needed. I n  view of t h i s ,  the Board has not proposed any spec i f i c  

outflow standards f o r  San Francisco Bay. Since no addi t ional  



pro jec t  f a c i l i t i e s  a re  exp-ected t o  be completed f o r  a t  l e a s t  t en  

years, current  l e v e l s  of unregulated Delta outflow should not be 

appreeiably reduced during the  e f fec t ive  period of the  proposed 

ac-. Thus, the  Board's decision t o  w a i t  u n t i l  t he  needed inforc  
&' 

mation i s  gathered appears t o  be most reasonable. I n  the  meantime, fi 

however, the Board has provided general  pol icy guidance i n  the  

recommended plan t o  water development agencies t o  consider cer- 

t a i n  outflow needs of t h e  Bay i n  evaluating possible f u t u r e  water 

development f a c i l i t i e s .  
* 

D. GROWTH INDUCING IMPACT 

The proposed ac t ion  w i l l  not remove obstacles  t o  population growth 

nor f o s t e r  economic growth i n  t h e  Delta. The water q u a l i t y  stand- 

a r d s  s e t  f o r t h  i n  t h e  recommended plan a r e  designed t o  pro tec t  

municipal, i n d u s t r i a l  and a g r i c u l t u r a l  uses of Delta and Suisun 

Marsh waters from adverse l e v e l s  of s a l i n i t y ,  

Water exported from t h e  Delta is  used i n  t h e  San Joaquin Valley 

t o  support a productive a g r i c u l t u r a l  economy and i n  Southern 

Cal i forn ia  f o r  municipal and i n d u s t r i a l  uses. These export 

suppl ies  a r e  provided through long-term water supply contracts  

wi th  t h e  SWP and CVP. For some water supply contractors,  pro jec t  

water i s  t h e  only f e a s i b l e  supply. Also, economic growth i n  most 

a reas  served by t h e  SWP and CVP is  dependent on obtaining project  

water de l ive r i e s  i n  accordance with s p e c i f i c  build-up schedules. 



The water suppl ies  needed t o  s a t i s f y  these build-up schedules far 

exceeds t h e  current  exportable y i e l d  c a p a b i l i t i e s  of the  SWP and 

CVP. Development of the  addi t ional  y i e l d  t o  s a t i s f y  current  

build-up schedules could be accomplished through the  cons t f ic t ion  

of physical  works and water management schemes. The proposed . 

act ion  would have l e s s  impact on p ro jec t  y i e l d  ( a s  campat"ed t o  

"no act ionw a l t e rna t ive )  and, thus, influence the  choice and/or. 

sequence of y i e l d  increasing ac t ions  and f a c i l i t i e s  by t h e  SWP 

and CVP. However, the  proposed ac t ion  would have no e f f e c t  on 

the  commitments by SWP and CVP t o  meet those demands. Thus, 

within the  scope of the Board's au thor i ty  the  proposed ac t ion  

w i l l  not have a s ign i f i can t  growth inducing ef fec t .  

E, ENERGY RELATED IMPACTS 

No adverse impacts on energy consemation a re  ant ic ipated.  d t h  the  

proposed action. I n  fac t ,  t he re  is. an indica t ion  t h a t  the  'proposed . . : : 
. 1 

act ion  may be benef ic ia l  with respect  t o  energy conservation as . 

compared t o  the  "no act ionm a l t e rna t ive  (IB). However, no attempt 

has been made t o  quantify the benefits .  

The water qua l i ty  standards s e t  f o r t h  i n  the  recommended plan 
I 

r e f l e c t  a c lose r  f i t  t o  hydrologic conditiomand avai lab le  water 

supplies than the "no act ionw a l te rna t ive .  These hydrologically 

t a i l o r e d  standards allow more water t o  be conserved by t h e  p ro jec t s  

i n  upstream reservoi rs  during c r i t i c a l  periods whe.n hydropower 

resources a re  most affected.  Hydroelectric power i s  the  most 

e f f i c i e n t  means of generating peak power i n  California.  The more 

e f f i c i e n t  use of hydroelectr ic  energy made possible  by the  proposed . 

a c t i o n  should conserve o i l  and gas suppl ies  which would otherwise 

be expended t o  generage addi t ional  peak power. 
VII-11 
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